



'3>'A 



ISBN 978 -9953 - 61-367 - 2 : JjjJl ^ 

^JaJl JSI^> JiG <c<> e-j,?- jl <— 

f. 1 >J tflll t (J-ol-UJ t _ 1 ^J r\ ll 

^^Jl JaJIj 

f-\ t j \ Q 11 1UI ! j!J • • ll 

^Ul ( _ 5 ki- jib 'ill 3yx*}\ y> 

<Uu- e a_> ^jL . jlisl ^ jJI jLd£. : jl J^llj ^ 

160 • oUt-jlvaJl 


2013 • ^Lx^LaJI ixJail 

ij j < u.ll 4^1 * trrkJLT 


m 


01 701668 : ^UL-11072230 11/6918 : jU 

2125966 : j-S'U / 2116441 / 2115773 : l _i:U415 : ^ ^ -^JL*--S-jjj— 


www. afach.aleppodir. com email: afashcol@ scs-net. org 



This edition has been produced with a subsidy by the Spotlight on Rights programme in Abu Dhabi. 

Mi 


SPOTLIGHT 

^ >U j.r .\ II ^ ja -n. >-\^u2>\ ^j-o ^-C j_i ,_)Li£JI 1 j_A jl 

2 

ON RIGHTS 


Macaw 

BOOKS 

















6 

8 

10 

12 

14 

16 

18 

20 

22 . 

24. 

26. 

28. 

30. 

32. 

34. 

36. 

38. 

40. 

42. 

44. 

46. 

48. 

50. 


Jl 


. Q ' I 

A >I <11 jl 

. 

.0I3UJI 

.a_sLLJI 


a_£^JI aJLLJIj 2Ll«l£j| aJUJI 

.A j . 1 ^ ) 

. A 0 j ^ il AjC-jjaJIj A_C^xaJI 

. 

.Sjl^=JI A^jJj Sjl^aJI 


.1 a" II j, t. v 11 

A_j _)lj^kJI oL^-oLljjJI 

. 


. 6JJ^> u j j4 a' U. II jjL-a-o 

1 —6 J d^JLaJI aJLUI j '' . a 
2—aJ.Kl Jl 4 al U» U j. >1 ,y\A 


.S^UI 

....SSpJI 


aJLLaJI 


cjU» j-JI 

.jlj>lAVI 






























52. 

54. 

56. 

58. 

60. 

62. 

64. 

66 . 

68 . 

70. 

72. 

74. 

76. 

78. 

80. 

82. 

84. 

86 . 

88 . 

90. 

92 

94 

96 

98 

100 

102 




.4 i * \\ 'I 

** * * 

.A_jj* A_ajjLJI 

. 

.I 

..a_ijI^^ 'I 

.oW I 

. aUj^JIoVVI 

. 

.JkJI 

^ 1 t Q \ 1 | 

. £^JU 1 ll 

. I j \ tju& \ I 

. 4 ^ \ 1 1 Jj> LujLj^<^ i 11 

.L_i I1 _uj 11 

. A A tU^> aJI 11^ 

.(jl/VI 

. 

I A_S 1 1 1 

. A_ljL-oJI ~ ^ ~ oL^ j ) 1 ^' I 

. 

.cj Lp j j4^J I 

.^l^ljUUI 

.A-aj Lj j4^J I Cj I j IJ-! I 

. 

. 

































104 


106 

108 

110 

112 

114 

116 . 

118 . 

120 . 

122 . 

124 . 

126 . 

128 . 

130 . 

132 . 

134 . 

136 . 

138 . 

140 . 

142 . 

144 . 

148 . 

150 . 

152 . 

154 . 

156 . 


.<, L 11 j\ \ \ 1 I jLiiJI 

. 

. 

.ol—> 

.JaI 1 Sjl jJI 

. 4^,jJ| 4_^. 

. 4 \ \ 1 /\ 1 1 

. 4 \ ,n \ ^ ^' | 

.C-> l <xi J 1^> l \ X 11 9- l^_l I 

.^.i.ujlnLi.X«ft II J Xi 11 

.o Ijjjui ^ ^ 1 I 

.oL^JLx-aJI 

.JJLJ ^j£. JLus^jVI 

.4 cl Ull 

.1 — 

.2-^l^k 

. "I — <^5^* chH^ 

.2— 

. 

. ^yu 1 ^ I O I 

oUl j2 ±^\j oUl^^tJ ^jjl i^JI 

. 1 —jJ-ALcLo 

.2—J-^aLuj-O 

.■ “f ^jb 

_ f 

.2—^Lijlj 

.4-a^-o oLijjJLJ 


































2 SI U llj SjLaJI .<LallaJlj SjLaJI qu j^j ^ j-M ^ I* H phySiCS 

«<1 U$ lax > i iSUaJlj SjLaJI fjA J£ j) In Vij .1 rt g t n oa^-J olj j* "* 

* 

jjjA £A LiiXj laa ^x -1 uLAh$ 


ct ^i II ■ 4**jC 

.. ^ ^1 .LUH 

C./V,1 - , ^ UJ * s k±*i/l ... 

J/ , ' J ^ U ^Xjl c , 
6 ** JL TLUjJL ' J ' CjL ^ JI J^I - VjL? 

■ ,h ^'^r^ 

t -*L>kdi • [i 


0^4 6^ Jf* L® j-ij'-' 

i 

w \ ^ >jJLu, ^ ^^ a II t*l 1 ~ ^ IA a i lri * 11 A_JJ_^-^JI i n^*i * 11 

.ui j j * u i Jjl dJ j ^ j .Stonehenge 

^J-Lc- ^ ^ J-SJLl! ^L^J-jJaJI jj-l»-3 JmL> .djJ»Ll_j--dl 

A ^ i> J ml I i 1 ^_3t—uxJ I ■***-! 1 ^ . \ 0 ^ . 1 1 f1 ^ ^ Ij d> ^ ^ l__A^-J 

^jLcl^Lkl IIjl^u ^j-o ^Jjil ^1 d-° A-aj jil! A_^jdU^-aJI^ A j 11 LaJ Ij 

a. /i ~ 1 q 1 n.*t^ 1 a 


d^ 1 1 j d t< V< H :^LjjoiJ| 1 V*a 

6^1 J*v l lj d i \ t ^ V A II ^ J 1 f ^_A <j ^< J V < II £.l_Jj_J_fl_ll l 4 11 "\ > 

1^ A t, \ U> 1 i4a! 1^ *L ^£d j Jl 'j * ^ ^ J) 

f-1 j j t Q l lj (A^_»^ jjl d Jj A & II • ^ / A j Q A_IL-J J ^—11 f\—\ <1 11 1—o I 

j <ol a^xaa^., 11 g-L-sj ^ a. 1 1^ <a_j_»jj_iSJVI 

.LojMJI j <jJl^ aJ! <a \li^v.ll aJL=JI 



dLjl^j<aH fdc <_jl,Xi ^J[ ^ \^ > o jt-fl 













.4 _Li£. ^Lljl 





,oj^=JI a_«jI jj :acoustics oLj^sJi 
L " \ l l ill \ ^ <_>-=> 1>Kj ^yi* i—ljj :atomic physics ijjjJi aU)Aji 


.Sj jJI 

a-^JI c.LuLUI a_*J jj :biophysics <u^aJl t-[ h 

. A-i -1 Lj j \ \ 1 1 I j '* o" ' 1^ | £ \ r I ...At 

^>41 4—1jj cryogenics oLjjiJi ^L^ii 


• l3 lll aI I . tj ' c" 

o±i Luiijj :electrodynamics ajjIa^sji k .^i •. , n 

. A j mj 1 * * a!A i < Lj I 1 ^^ a 11 

^Ij^JI a_£j-^j LUi a_wI jj :fluid physics 

.(oljUdlj JSlj^Jl) 

•t^^Jl o^j^ 1 ^b- 1 geophysics i^jVi aLj^Aji 

d-° o-Lill <jL5j a_ jijS LJjj :health physics a n 

.^UiVI LU^DI 

oVjLaJI a_u,Ijj :mathematical physics-UuiLijJi n 

■ A_i_S I jJb 1^1^ i I A A \ A. "... aII C \ " 1 ' . -A 1 t | 

A-^kilj ^.L^J ajUjl^I LiX a_cJ jj :mechanics Aiy.ic^n 


o^>L^Kj ajJlj a_^I jj :molecular physics ii^.a n 

. Cj I 4 l~> ■”. i 1 

sl^UI a_u_> a_ujI jj :nuclear physics 


.Ojjll 

• AJ ) "'" i l l Jal g j A X i * Ia lOptiCS CjLl 

o^b^Ks JaL-^ *—Ijj particle physics -. i ^ ^n 

. A 1 lj | 1 ** , 1 A I ... -V I | 

a^III Aj^IajJI a^Ijj :quantum physics ajIsji n 
l > ^LxLVIj SjLaJI JjLlij 

o-=>b^JI :liquid-state physics a .i.^i i ^JUaJi ^ _-j _•» 

. A 11 . aa 11 J | j aH Ail I ' Q 11 

JLlilj Sjlj^Jl a^Ijj :thermodynamics ijji^aJ! l^QjjJI 

.(£>.Vl AiUJI 
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liquid 4 _LjLujJI jjUL^JI ^I <LaL-el djLall CjVLsJI ^A Solid <u_LaJI ^JLaJI 

jIjaII j . a".". j .^JLiLu iLjLfc cJjLuj <ULa. jA 4 i l.n I I 4-ILaJI J^uLu jl -9^ ^j^*-**J 

I *< J , 1,^ ^Ju I *« a I ,,,-v l jajj .iujUUIj 4_1 jLuJI 4 \} *-a 4_iIuaJI 

^ «l<^> jl^a ^J^LuxJlj j jLs-aJlj o l lj o"^ 


d \\ I *j 4 ^ II j^Jt ^LujIjJ 

jlj_^ | l f l >j t oi ULfij 4 V 1,^11 jl j^ll (jujSi 

\jfl tlJ J_a_j_llj A J j ^ \ 4 ^11 6 J-A (J- ^ ‘ *4 . A \ 1 < ^ .11 

.SjIj-^JIj g-L-j j ^ 11 A_J_flL»j A 

■_t V ~ jJ 0 * A__i_Lu^JI jlJ-JI ^j-0 A 3 1 "\<a \\ £ jL-a_lJ1 

.I 4 J 6 


4 i LlA I I jI^aJI 


3 ^j 1 <a* > 10 > a* > j_-o 


~ \ i ^ ^^ ~v Tit a \ 1 «^j 1 j 1 ^n % 

A vi.^u £ jLaJI Cjl a j. u^k. ^IrTi • 

^ U~ \ ^ <r j j-oj 


1 j a II Jj A_I_»Lj £-11 ^-o I4J A 1jl j^ll AJ)^^-a]I j-l^ 1 _ 1 aJI • 
< Uaj 314^ J jo^LlxJI 3^iJ .LlAxj Ifl »A* J Jl A-ixtij 

. ^ n 31 £—JaUxtiJ V 

.A_i_L-«aJI jl^-aJI 3- 0 3 1 J l ^a_j # 


- ■ .r^^il ^ya ^Jf ItS^A jJ^JL-0 
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-\ 

aJL^. v_j-L^ ^ 

j! 3^-4^-? *^-1^ <jl .SjLJI 

*.—J-L-^aJI ^-luj^JI Jj.^. M &jL-aJI "v > g. 1 \*? l^ 4 a l t> 

e & 

>f^»l 6-° ^L^JI A*_ij .^jL*JI jl JjLxJI A-Kiu ^J| 
^_jl^aJI, u - 1 ^ 1 1 <6jLJI Jj 

Jj- ^j ^ <SjlJ-^-U A_tA^JLJ JA£. J^Llo *L© ^J[ 

• aJL^ ^ 1 SjA^jI j 4 .,,“ . \ \f ^LJI 


.4_LLu ^\\ 4-»1l^s 2JLxJI J-uj 5j-s^JI ^l_jj j j>M 


ijj^JLJI <LiiuaJI SjLJl 

crystalline a^jJUI iA^tt s jUIJ 2ujSJl oLir^JI jl 0 ljall 

6 SiJJ-4-ll JLS-LVI <^-oj .^JaJLLo ^ t u j \ A £* jj-A SOlld 

<^M*-aVl A_a>ujIJ_ tu^ t^^LutaVl A_j_cl_jj(j <A_ljl^aJI JL^ioVl > ' ' /n \ 1 1 
■0^4^11 A-ajMjj ‘(jMAJI A-ijLJj <A \\ \x ^llj 

melting pointsjl^M jl ^Ljj LLL> a^jJUI a : i^i i jI^JJj 


.a^^LJI 5^*11 jl^ji ^ jJUIj j£JI oLi^j jjjiJI j£JI 

' ) H ^ » 1^ 1^ MM J CjIjjJ \ I I <-\* \ * II ^_ujI jjJI ^_C jJij 

.crystallography 



<U_LuaJI Jjljj I y A MJI 

* j ^ ^ I I A_i_Lt^a (J 1— *\ < aj I A A., i I < 11 I y a M-ll 

A_i_> I^-HlC AjLi ^Ja_j O Ll_»I 1 (| * Q ^ U~ \ ~ ^p ( 4 ^ I \ 
cji—^ ' ) I I A ) I (1 1 jlj_-a_U L-SMAj .JJI j-xxJI JUJI 

.AJLjLj jLj j Jal_L> L$J ^U-J A_ijjJ_> Mil A vl,^|) jlj_J| 


0 



.a_jjjJLJI 4 J.^ll jl^Jl JLliul j_^l jjt ._.*< ~ 


l</> II jI^-aJI ^I^jI 

U-° ^4^-Jlj ojLs-^l i_)j^_LJI A..L 1 ^11 jlJ-JI J_-oJU 

^jjjl ^u__>^lJI h I “t l L$jj I olj-LDI 

noncrystalline a^I, Mil a } I,^II jl^Jl .^jj^JI 

V jlj^JI -^Mfllj ^laiJIj ^U.^4 1 solids 

.JA Cjl-AjJ^aJI^ CjI^ jJI 

quasicrystalline a^j^-LJI a_J_^JI jl^Ji j . n.^ 

jj$>h V ^ jLoj (j-AiA cjIj jJI L^_j-Sj {A_Ajjl^JI cdjLixuJI 

.a^cJaiIaII cjLcI jJdl ^ 































JjLcuJI j-iLLj j j o-)L^ <SjLaJI ^5-^ licjllid ^lLLxJI iJLiJI 

^iOj dJSJj ^^9 <J: dLL» V <Laa»a jli ^1 j* J& U Ijlj - 4 _i 

j i j -sJI jjl J£ui u<tiv) 






1 ^ . A* \ ‘ ~~ ^jl A_ij l_ujj I £jl— a)I (J ^AJ # 

* 

. 4_ 1 ^ ^ ' /' \ 1 1 ^ < > 

.^ * 1 a ." 1 \ j ki ^ 11 6 (j' , mil 0 

. JSI^JI Ul, ^ >_ iX. -Jl<> • 

f a \ I I > JULj^J l pLaII j— x_> • 


^Jji LujJ I j I I 

JaJLuiaJlj Sjl^^Jl A_^.jJ ^ 1 c SjLa) J_»l— ujJI (J_^_**JI J_-aJL_S_» 

'’v 4 J -* ‘ ^j-> 1 «.u^ f>l— a] I J j ^-A-A-S • J ^ J ^ 

. : un room temperature aJ>>JI 

^JLlI £ jJI ^UaAJI jdU<aLlxJI f 

U -» , All j Ujki\ 6jl^2w A_^.jJ J->LJI ^ 
j\Ju IIj < iJ^Lw JliL L5 -k: ^1 oL^^I a-°J 

.P-LaII j duj-11^5 
' V 1 -^1 1J jj I * 1L^ (J-> l^-ioj I jAiJ 

water ^LaJI ^_Lc j^Ix j a_LLuj j!^-a 



1 ~v aa j ,1 \c ^£. ^* l~.based 

.p-LaII a 1^.\a jl 


.^.LoJI ^—l^. ,JjLui j\ts \%I I 



























jl.r.ViVl 

d>=^ jii ,JLJI ^.1 jj> diffusion J r.,r, Vi 

Jl iJ-* ' f . I j-lai idl jJjLuJI -. 1 ^ A_»_a.J a ' 

Cilij ^ j t _J_*l_cuJI djl—* i j ~y ^ Q ~^ \ *\ j ~ aV| ^ a 1 \ .-, 1 1 

<J^ jcLuaj^ J r.."\VI \"l <_ij| j r..r 


. c . • ^ j, . 

(S^JI ... ' ^ voi/ Jji „ 

<iUji ^VsilL. , ^ 

<£» . ^'JILji ... 

Uil ' lj '-''jjjJ/j 


<LL2^£j^JI 

c£j^I Js J_jlj_x^Jl J }UU>I jl A \ 1 jUa jJ 

^Lki^VI s^J-c j-oJUj ^j .miscibility 

J —1 - ^u. Q —>1 cuJ (3 ^^^ 5 .(J—ll—uJI £^£jjaJ 

£ UJ U aJj) ^ tu \ I A (| i 1 * 



^ J 


He* a-® O^J 
j—o pLJI V (_^j^.l 

LT^ CxjjJI 

.*Ldl ^c.—La_ tu 

A \ U <a *v <AJ^II (J-il^—uJI 

polar liquids 


_uJI 


non-polar 

liquids 

(J-jl^_uj ia_L_fl 


A vk^Ui. 






UJI 






.pure liquids a j a \ Juij^ :Jjlj^JI ^ ^ 1 - * « m \ \ * 
6^Jj J^Lu *LJU .liquid mixtures aJjL« oLj>j 

^aJJUo CjLa-»j-o ^-A j^_JI *Loj j ^ jJl 

6jl_c ^^-Aj . A_x4 AJ^JlaJI J-^LoVI ^yO J^^ll ^ If J-V il l *L> 
J JjLJI £c_jj-o-U I, \*S A j .4_jJLiJI L^jJUa. ^j} 4 i l.^s jl 

JI A-U-o jl A_LUu A j ^ il l l^-lJLa. ^jj ^Ij- 0 ^J)^ j 

•S*j^ 



^^ikVl ^1 JjLuJI J^j 

l j 'ij-^ . , ,. •; CiVLa. Jl J ^->~~i Jl JjlJj^il (3^-aJ 

.6 J-ijUi UlC .A \ \-v ml \\r ^J U ...I I j s^Li .LaJjj^j jl 

(Jl Jl <J»LJ-C A_LaJL> ^,-A -k JjLuJI ,ul 

Ak L5 -ILa. JjLuJI J-ijUl j .A-jJLxJI AJLiUx 

.A_j_UaJI AUlLa. 





























CitjUUI 


S j«<< £,l_fcl jk j o-}Lj I 4 J (^*-11 SjLaJI o^L-^ 

i^J j -vV .j J^i.oj ol_Ljj-^JI o jJb . ^tVi 1 4 uJJjJ I 4 J (_^ajJ^ <4_ijL*JI SjLaJI ot-A-ij-?" (^-J 

.4_}jL*JI iLlLaJI ^ 4J1 aVI JuftSl ^LJt jlis^ JAJ$ .CjULsJVI ij Ita ^ ^ 




oVL* ^IjUJI J^ 

JjIj^JI£ <^>iJ Jl^l CJ oljLiil 

Aj>l_fl A_j» 1 * If 4 J I ^LxJI .A_xL-<aJI JI^-aJ 

^l[ jlJLil oLaxu^. < JjLJI a Ki l Jl 

a ! lalj Vl ^Jl aJ j)^~^ !A^^,jjJI 6 j-A J ic l iAx j 1 ^ > 

O^u^Vl *>lx 

1 aJq- 11 Joi-uiJI u J> , xi < ^ Jj ?^ - \ ? 

jlj Ijl^ 1—ol .(a_»j-Lo 183—) A^.jj l—ojlr. (J_>L«j 

^ If 1 5 jl^a. <^*.jJ L5^l 1 ~1 ^ J^ A_jlJa jL*JI ^ 
.aJjLuJI aJlIU*. Jl 
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oLiSj-aJl j 1 i*JI 

Loj jr. (jljLc jj^u/sVI 

l ^ $ U LL-> JiLk jj-0 ^^-ijLsJI <j)-J J—A ^ 1 C l_3j X "\ II (J-S-OJ 
^j-aLt-tsiILol ^-lc l ., x i ^ i jJJSj 1 ^ ^ 0 jj j a j ^ II 

•C&>^ 

.a*UI JU nitrogen dioxide w.x i 

i^lIj hydrogen sulfide jUJ 

.JxoLkll aII 4-^jlj_i 


oljLiJI jii 
JjLii j^jla 

iwJL jj-oIj jUJI ^1 :Charles' Law JjLL ^li 

6jlj-^. ^L-Lj cK 5 j-*-2 t K < ^ ^ l $ «*/$ \ 

jL*J! A l< * /ll l ^^iUJI Ijjfc ,gm\ jj .6 J-iJj 

.(cj-jLj = V/T jl) Li , Al l jx x~\\ I jl A_1jLj A_jj l^x <_^j Jj 


^^UJ! ^ .SjjUJI oljUJI ozone OjJjVI 0 ^U 5 



jL*Jl . L a is** .Boyle s Law j^^LS d ^^ 4 


°^ UiJ <Lj^ajJ| 


^jLU ^A+i JL>a d>» 


L_S —kaj l 


■*J *J L 


J-&J U..UC 


k 'netio theory of-,-u 11 - ^ 

yorwioUit^^ 

‘■'J'*<s*JU 4) lmi - C> “ 

C-o .«^f Uif, c'u^ ,“^ ^ 98363 

^^oloUtl 

^^^olLwJi .|j ,,. 

'-’ L 4^Jl^j ijai , ' 

c^jJI ^Lc Jl ‘i 

J4^j| S* I ** ^ U'j^5 

^ r- u^, ^ .,^, ; " J 

^ ^ j—j up 0 ^ '. ^ ■** 

*»--> J <AjUll .1 .- ^ L “"rA 



jj J-*-*-* Q«-^J Ij| A_2 jLj 
jl) .pLcjJI ^ 6J J^i\ jLiJI CjLo. 


k^3fc.j jLxJI lr>X , A 
A_uo^ ^ I 6j d ^ 11 

.(c^U= PV 

jjjLS^al 

^U^l ^1 :Avogadro's Law jjjLSjJI J>^ 

1 j[ oL^jUxl^JI j^-0 J J-sJI ^lc 4 ri." r>ll CjljLsJI 

^1 *—silili^l . 1 ^ \j \ l a\ $ a^l^^JI ^ L>4 , AII ^^Luaj 

A_ij_L^JI jAt-aJI 6jljLiJI d-o ^2.1.1 22.4 ^ 

.^. 1 tu~y 1 0 23 X 6.02 jl AX Jl ^j)^ II U4 ,Al l ^yuJsj 

jxUUI JUUI d^jli 

J-^j-? LhH f L-^-ll jL-»JI dj_>LJ ^ s 

PV = nRT ijjjLSjiilj 
< a_LLL_JI SjIjjJI T = <^y ^ 11 — V / U4, AI I = P ,~i ^ 

.(^/J^8.314<i^ 5) v JLJI jUJI^* R 


0 














































V ,E >^jl> l$j jUii ^ *jjiJi t*i ^ energy isuaji 

<LajI J 3 .LajIj 4_LjLj U11 <LJl_A_a.Vl 4 ja^JLfl <^jaJI ^Ji La^xajj (j^-AJ ^3 ' ^^ 

jl jjjl j 1 Jl ^^Ijla.uaV jiaj J£ ^ I $ l^< ti d^AXA jj* a a <j* JULLiVl 

** * * 

^1 (J) Jj^JLi iLaliaJI (juliLj^ .Sjlj^aJi L yAJUJj sla^-ua JiLJj 4-SLlaJI V^^a < La j t a 

(N/m 2 ) 2 _;^A >U/ja^iiJLa 



4 _flU=JI JtiiJ aJ :chemical energy £-41 ja^n iiUxii 
U A jjJI ^_c ^jLaJI ^ j 3 \ i 1 1 J j ^ r u l JL-A j-L*JLjj <a_L^L«JI 
■^> 1 ^_lj ^jLJI J^UUI (3^-? a_j-» I 

ji 2 ^j^j^jj i 4 v 4 _sLLj Li_j[ j[ a-aj! ^/;i i 
Lj£j-o l_Ajj J_> 1 \iUx~> 4_^ji j^yN A_5Uo £“Llj[ Ji *<SJ^ 

.IdJ 

^x-u 1_J I ; ^if lJ: electrical energy diUaJi 

.iJjUaJI £-Lljl J^.1 o-» SjOill jl oLlaJJI ji" 1 -" 

JiLd! I j_A ^ j <S < JJl—> JijdJI Jj-IdJ ^3L>j 

^ ol l^ i I \_j^ jLj 


iilbJI JLSoiS 

^jLaj ^Jl Jj ^3 3 L$-iLi IjJ jl J^ j' ^aLb-Ll V 
:4jalbJI JlSJji (jA (j-aJLJ La-i^j .4 4 1 3 V a JLSJjlj 

y \ ijji^pJi isibJi LiJj thermal energy ijji^pJi aiLbJi 

^jLjuj^ axj-uj J iaLuj-j 3jL jj q SjljjiJI a^jj jLjJj- 
wL1aL£JI 3^ 1 U I Ij 2& j -v "< a J < 3 al UII j ^Vj ^ ‘i * a > ji <L^ ^ o a 

.wLjjI 4^ Lb *^*s <ti3 1 Jj ^ . 1 4 J 


























£■ Laia.1 :mechanical energy isuaji 

^ 1 I~i I jj .A C_i_o l *\ 1 1 A a l U 1 1 j C ' < J ' I Act U I I 

* 

.4_i5 js± jl ^ u %l l LoJ 3-1 jlZ) ^_a j .a.^j\LSjx>II aJLLJLj 

jl) gravity aJUUI s^ ^11 f l h \ I I 

.LajL l*ic I ._j ^ j S, U^ k^Jl 5 j el l ^_A (a.V l A_xj j 1 -vl I 

<LcJcuVl ^_S A_Ioll A j^mI ^ \<oll 4 o l UI I J_S_2^ ^Jl dLJ j Jj-j 

.aJL iill (^^-5 (^^-uj dlLal V I 



. A cl U A -V *t aII II 1*1 1~ A~ 

L$-^-> ^1 aJLLJI ^ :kinetic energy AiliaJi 

i ><.u^ \ (K = V 2 mv 2 *4 * a a l \" | ^,,, ^ i 1 

j^-A^ v a_cj-ujJ Li dl^^k *\ \ ^lJ I m a!i£J l_> K I a_5 1 L 11 

.^L^jI t,_>_A do V (a ^ ~^^o ^C.) A_La1uj A > aC 

Lj£iaj ^1 AilkJI potential energy liaisji iaLbJi 

^ \ a> L ^ 1 1 A_sLIaJl_j ^_ } j^J I ^ ; ^ ^ ^ 1 1 

; -C i. \ 1 1 4 ^ l it *)1 1 1— J A 1 ^yj * « O I ^ ''' VI I U-A I ^ * I f ijiL | 

j-loLiJI ^ William Rankine f bA*j 




c> Ajlkll ala J^Vm j :radiant energy 4_u.ixi.Vi AaQaJi 

11 ^ i j * I At • J ^ ^ 11 L^^aJ I l a j uj V 1 ^ I n To V1 

ala \~<j .light energy a i i a si u ii i ^ •■ J < . i aj „ ,. 

^lj_oVI JL^a jo 1 A 1 <CjI— n _' in') J ^ Pn 1 f A_iUaJI 

. ^ i * H 1 ^ ^ j I 


aJxoKJI AiLUl ^ :magnetic energy A^a^LJuJi AiLbJi 

CiLiuLi. ^-lc A t< aj jLl AilkJI ^ iUsl \4 0 -v 

LlJI I _\ a ilj^ . 1 ^ \c La ^^ ^I 1 ^ * 11 Lfj .tx >0 a 1 \^ a 4 \ \ \< a 

.magnetism a : ^u i\4a 11 : 
J^lj 4JLLJI ^ :nuclear energy £jj>ui a^llji 
^Slj .olj jJI a_Llj ^ ^-*^-11 L>^ c5jj^-ll J^-Lklll -^jLII 
^ 3 ILj j AiLLJL c>^LcLklJI 6d^J a ^ ^\ 4 q ! LI I 

.atomic energy A_ijjJ! i^LLJI ^1 iiLLJI ^_Lc 

AiLLJI L)Ls LhjLLrLLjl Lfi ^dij ^^ill E=mc 2 a 4 v.^l l , ^ 


.nuclear fission ^Ll^VI jLLia\VL jl radioactive decay 
A-SLUI ^ aJjL^JI a^CII dxj a i jjjliJI ,-»l^ ML.^. VI , >a IjJ 
a_5LL ^jj-UI jl U p « m VI aLLs! ^jj_iJI J_cl_LJI La j j ^ j ^_lJI 




Sj^ii^JI aIoLUI a_ 5LLJI ^ :elastic energy i^i iiLbJi 
A 11 ts*> 6d LaJ ^j^aI 1 6^1iaJ I ^ * * * ^_Aj < Lo ^~v a ^ H~ ^ Lo t** <* 
6Jj-xJI 4jjdi ^ A_1 ajj-o J-iaIj ^AjLJJ A_ua1H_j .aJILuj jl 

JxS 4 -lLl ^L$ ^1 equilibrium position Jl 

.Lo jc_L-lu in4 <Aj 

.La ^11 oljljjuJ ^1 :sound energy 2uu^j\ AiLbji 

J L^J I oldd^ju LjL j I a_L Luj ^ I a iIa SjLo ^_s 

< a_L51xo dL.jo j-A djj ) <1 1^ .sound o ^‘^11 ^ f di a ... aI I 

A—si L> 1 1—i A \ t ^_ x^il l oLj^ J^i\ ^S 6J jf ^ ^_oJI A q ! U I I 

. A_dl j-t-aJI 
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^pJI iLaUaJlc aUaLSJI ASUaJI 


i ......i i _^ui iiLkji ^ u potential energy iULSJi auaJi 

a& i u n LaI Q^Loj aLIjI La j \"n jx .j^>uJI 

<d ><.^-v '<. a 1 'v 11 ^ji -v.«<■-V111 j_^ jui t La 1 ik jjaas kinetic energy 

.restoring force ajUIujVi s^lii *jA ^£3 asUs 

Juudl LpL 1 1 a Ifc- L^AjjJLj .<La£ j_a. aLljI j\ui^>JI L^-j j ^1 AiiLbJI :<Li£^aJI 4 ALb.ll 

jXtu^Jl tAAl ^ . J , 4 _JLaJI <Q £.JJM ^l jj<‘“ I* 4 _iJUubj 4 ‘11 < a <LlI£ fnn> £-»jauU o^JlxJl 

p. A C- ^ 

. 4_H_c. jau j-A jl £jLuUU Ijjj jl jaj 4_i£j_aJI <GaLb ^_lx 



4_laL£JI aJLiUl iaLb 

gravitational potential energy ii*lUI DUUI JJLL 
1 U jQ... ^ ...-v 1 1 U q... t v^ !aJ1_AaJI 5 ^yC. ^c-1aj ^iJI iiUaJI 

<Lial£JI iilbJi ^Ijjl A H 1 1 5 J) Q ^X SI j A ° /A ^ Vl A_i_i jL^JI ^AjLlLi \j^ 


,ii*L£JI iJLkJI <> Uli^o LljPl DUiJI iiU= .L^JI ^^Jl 

,<lat£ 2LsLk Aj^I-wJI Sj-UI jl JjUl I ViCaj >.I ^ ^ ^ ^3^' ijU = JI ■ ? *> sJI 6AA 

^1 l^\Sl\ iiLLU £_IIpVl L*i i -l'-aiJ | 5 >s v j^J a-^h^ ULLJI 331^ j .aJ^LUI aJLLLII 

1 o S1U- o^J^ 1 (*■ “ '>" 


















^ *i * a t< 11 ^ \ a i < i i u i i 
J ,s~\ \ * 1 1 A,, 1 \ \ \ 4 a 1 1 | 4_1-oLSJI a c l U I I ^ r \ ~ 

^ 7* * J * * 3-^ ^ ^ ^ J a L_iJl_Cj . 4_jJ> l_j_CL_i_^J I <LLoL£JI 

a_5LLJI I a_j_j Lja j*s 11 U J jjJJ 

LlJI ^j-o ^Jl 11 a ^ \1 \ * \*\ 11 

A i\ \ ^ ><1 1 



:a_JLi!I aJjLxaU L_Ls^ v a_x_aL^aVI a c 

mv 2 /2 = a_^JI aJLUJI 
\ Lo 1 a_aAj_^J I aALLJI ^1 aJjLslaJI & Aa £■ j 

^ 3J j * J J .4_ic j^xi ^ 11 A 1~< Ij^la 

JaLxj A_i£J- 2 JI aJLUJI jl J jji CrtJ ^ • v * A * 4-C.joxJI l cc I / A~~ 

A j aIu i A, \ a*\ ^_A 4_aAj_^J| A cl U llj .4_*_>J VI ^j l ... * 

^uQa oLiUaJI J££ j .jljJLo ol j I 4 \ ^ I j ^L^Al 

.(j) 6 J^j _4 A_iSj^JI Ac 1 U1 1 


5-jj-aJI 6UlaL£J 1 AjiLII 

3* Jj^A ^j-UI 6J-L1I ^ ^AAi 

^jj-* l5^1 c5j-^j j--° a_LcL^ a_JLL 
aA^I^aJI aAj-JI aAaLSLII ajsILJI a ^<s ^n.l l 

3lj5SI ^ JjAj 1 a 1^ C < J_uj_ 1 I &jAi A_laA_> £.^AuJI ^ c 

c- 

.^-Lcl AA^lAk-cll A c l U I I 



V 


J 


^ _ • Wl a 




Ha\SJ\ AaLhJI _ t l__ 

PE = m x g x h :(PE) il^LUl 5_5LLJI 

m = PE/m x h :(m) aI-<i i ] 
h = PE/m x g :(h)^U3jVI 4 

iloL£JI<iUJI =PE 

4 

^^11 aJiS =m < 

4 

4_i_i jLJ1 c^l =g 

^<-u ^>> 11 ^ LAj^ I = h 



































a a, J »j<^a,j ,4_LftLaJVi <u£.jxu^ «u-G 5 Lj 4^ u"iJi ^<uaJi momentum ^-sjJi 

.direction aLnij magnitude jtji* I4J h-?.>a i^£ ins <ui ^ iaj-» 

(m) ins ^<>i>i (P) oLxa^ jS^L j ijj oLa->i 

1. I a I I aa j (v) ixALaJil it jxoj dj^kij 

P = m x v 

.(kgm/s) ji Lj/^ .^s ^>11 ^us ^Jj-i 



linear ULi. f-*^ 1 ls-^ 

.angular Ljlj jl 
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AJ LLiLi ^jJI (^-J 

LS^ f “ ■» *>' cs-^AJI >A^lx-j IjJ .^^iaiJI ^jJLj 

jJI jU© VI ^-A jl \< *j VI jLLajJ ^ujjsJI Ij^J jLljuu VI jUal 
^LuJ j-*j A, $ ~vC j-^>j / ■ u-v Vl ^JilA-i. II ^ \ ».~ 

01^ ^ I (^j I 1-4 • ( A-j-j Lj^ j, 11 (jj I _i_^. VI A-j^ 1 o a I 

A ^ l nl ) ^ ^LuVI ^j^UJI ja ^^kiJI ^/>JI 
.‘LuLj ^Lla-» ^y±. t s> ^JLa^.Vl ^jkjJI ^1 

J i oL^jJa-^aj ^j ^1 dJJ ^.\ X_jj 


L>-® ^>^1 J^» ^1 aJj^H A_ijLS-o| 4 ».a\ j_a ^fln 

• ^A 4 J, AL^J| 4 * \11 ^ 4_<a 1 i-> 1 1 


miVi = m 2 v 2 


4_cjoJL d^i-j ^ jJI JjVI ^ ui ^l l iiiS <^a mi ,1 m^ 
AjCj^JIj aJi£JI LoA V2j m2 ^ -Vi A_aaL^j VI 

^UlII ^<.u ^ 11 a_a_aL^ Vl 






^ ] r>‘vl l JJ&Luaj 



L = Iw 


Uj^i >4 (uU?^ f^O jl) 

jAldl H (^jljJI ^i^jJI <j\ JULjj .4_jj^lj 4^j^ aJL*. 
■Aa-ilj^jJI jl A_jjljJI A_lcjxu^ II aJLUjlJI 4 \~K -T-1 Vt J ^ 
f^rJJ (^AajaJI ^1JJ jJI Jjln \ II 4j»L) l <^>jl c_Sj_JL_jj 

: 0 J_»IUL LxuoLj^ A_LljL<u 


A-C^jujJI^ I 4.-.H U * II 4 U -v 1 ^j} ^ .i.^-vl l \ A. j ^ ^ J • , ~_ t 4 
^ A ft^l l ^>j-ll 6J£.L5 j-fij ^kjJI IJA t_u^ JJ . W 4_»_jljjjJI 


.(a_jMUI) a_ixJ c^j^l j-ALit 


£ 

< (J- 1 -^VI A_i <A j \ 1 La 11 jl^HcuVI A_aJLo ^_A T ■ t"v 

.4^.^a1I ^_j jj-skJl SjLuA ^_A X^ ^ Ua. II ^4. j II 









































d Q "V Ji I d C-J Ml I 4_CrjUitJ I 

£iaS Jjjta I jt ^ .La iaL^a jJaSJ ^ jUJI j^jj) ^ ^^-1' ^ speed 4S.jud\ 

a< ^ .iia*-a iiiaj *^ jAuS itjJbiaJI iaLuxaJI jid ^jia-aJ jl .^ilxaJI dJU f ui> Jl 

(_>uLai^ -v^ aJI itjxuJI 4 ^ia jl^AJ Luijl l4_dl jLuIjj .dLaJI I4J i^td ‘j'dLa LfJ < 4 _j. 4 iui 

.(Laj/jfc£) a c l ,,. It jlaj) I tfcJl La LdLt LH£J^ ‘(U/^) ^fjLUl 

itjxuJli .velocity i$_i.^aJI itjxu-ILi dJt>Ladlj <Lx j J>^aJ f>n i >l l jaaid JoA-a Lai 

.oLadlj jldLa I4J a ‘U . aS ^-A 


it jjoJI JjA-a 

A_tLojJl SjXfiJI ^J-C ^u-^JI 1 ^ *1n.L> ^ill A_$Luj-a]I ^xu-&U 

li$j average speed i *.^Jl Jd^ U^UJI 

J A^C j-uJI J dA-O I 

:aJjUJI 

J 1 Q*\ \ | j ^ f ■ J) ^ ^ A I l i-S Li.ttXll I ~~ 1 1 1 J d-A-0 


d jU ^ 1 It 4 XjxuJI 

d f j.,,11 t \_o .i.^l 4 ^ ^_a]I A j In ^ 1 II A_C^_**JI jld—IL-o v—*-_J 

2Ua\ ^ ^1 ^1 ^ .instantaneous speed S jhn JJl 

2 c j ... H (JjJL-ol d^JI ^_A A jln^k lJI A_Cj-uJI n j-£a-*aJI 



a r j...II ^jikJIxuj La LJLc.j <4_JLc A_Cj-uxj 6jLj_uj 

.dillj j 1 ) 1 *" (a.j/ tliull) A_»j jjJI 















j i iiffir— 


^XjxoJI JjJLA 

^u^JI displacement 4_=Jjl jsJ Jj*^ 

£-lo_aJ ^ .u a 1 1 A^j^JLto ^Lo^Vl ^Jl <UuuAJL> 

.average velocity a^I^VI ad* 


(dO^ / ^^^-11 ^cdjVl = 4^ ^^-dl ^ r J...1I 
^ JiLk dj-^Lo 4_Cj^JI JJJL^ JjUs Id 

< ^~°J) l,u ^ ^ A-dl Vl A_fll_wxdl ^ <* 4 \ \i a 4 t'. ^ j 

6 dad ^ JUIjVI pldil djjLLuidl VI 




u- ;••"•' r* 1 ' 

yu u_>~< J 5 ^ 


J^) 






cula^JJI 4 XjjujJI 

^ instantaneous velocity i_ik^JJI Uj^JI 

• 61 1 1^ j I J-fi-o L$Jj <^ . A \ \ /\ j A U>^ I I 
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.acceleration ^jLuiiiLj 4-tj^Ji J^h 

j *jue jjxoJ) *jl». ^ vector quantity 4 +a.j* .(a) ^>aJL} ^Laiu >^9 

,( 2 Lj/^) 3^ j-i ^jl ml II juIAjj .^hi^lJI <Lfcj*u SjLij Jj-*-4 ±*-i I 111 I I jLa ffiut a 




1 ~ f ^. y ^_ULXJ A_Ls 1—uj 

•L»-o o' ^ 14 -aL^>Ij 




A-jlaj SjaS JMik. <4-^.^aJI ^ijlj-H ix.^>xujl Jj*-0 

1 „.-n .angular acceleration ^jl^l £jLcajJL. 

LjI^J l 5^>->} ‘(t-iJt a) ^U^l i-i^aJL 

■.Jl, La£ L^l^, <0^ (rad/m 2 ).^^Jl jiJI 


^jl IU.U1 ^l^il 

Ijjl Aj^lj ^aj jjja~'ll jj^aj £■ j^aj ^-Ia. Ijl a~ir I 


a =• 


dco d 2 0 


dt dt 2 


.uniform acceleration ^U . V iJl ^jL-ill t> 


3L_j_,3L=Jt ^jLu3j .angular acceleration ^jlj>JI 

.gravitational acceleration 


j 1 

a = at 
~T 


^ aj .angular velocity Ljjl^l H^.>all ic^uJI ^ oj oa^ 
rj .linear tangential acceleration ^ykiJl ^U^JI ^jL-iJl 
coordinate system ^I^VI ^LkUl 2 _jIjj o-° LiL^all ^ 

.Q)j 0 J^a JJaj (j ill 


■ 0 " 















% 

Sj-5LJI ^jl—LU_» A_ A J 0 

1 f Jr> j ml 1 _ a . \ \ r 

2 Lj If 9.8 


uniform acceleration LUr,. UjLuj ^,-J i .*\h ^ 
£-° LjjL«i1-0 A-CjoaJI Jjju J JJL-O 

t-dJ j .<k^LuiILdl A 1 \ A j 11 | j \ a \ I 

^jLx*iJ II L>f^J .duLj J JJL-OJ ^oj=JI A_C JJUU 

AJ J Lx-o l l j I n a j cdJ j Li A ^ Lt ^ 11 A f. \ \ 7 1 f U>~ \ ^ 

:<LJLlll a£^JI 


v = u+at 
v-u 


a =- 


t 


<LlJjLaJI £jLlOJ 

^jL.ulJI jf) a_u 3L^JI A^j_i3L^JI a \ \tu"\ ^jjl ^jLuilJI ^cjj 

.gravitational acceleration (^jUUl 

'—S J*-±J .A_u^ajVl A_1J jLaJI Jxi \ ^aJl A_k j£juj ^IajI --- U A_uoI^_» 

^jLuilll I3^J J-ojjj .a_u3UJI ^£. ^Jllll ^jLwAIL L^J 

:^L JIaj j <g 


g = GM/R 2 


o-^M A_lii^JI ^.fccL^JI aJUj ^_>LJI ^^LuiaJI g "'^ 
4 - - fl J ^ I I j J —xJI A. 1 oLJI CuLj ^ ^ q G 1 _ ol <(1 _La 

a^5 cfu^A Ii ^ Rj 6.6742x 10 11 N.m 2 /kg 2 

■ ^Lj j ^9.8 L_A^d5 A_1 jLj A a > a A_i_> U -V 1 1 , > i 




s> ,V( 




















iUjj jii ji ^ ^aLbJt JLii^i L^L heat Sj\^J\ 

.La ^^ Sj^jj ^ -v..i ^i temperature 

^ SjL>j heating (jj\.>nn) *ji^Ji jij jV :L^. ,^» n ^ji^Ji la-u^j 

j^.V jjjLi^ ^ Ul ,l)Uj)^I ^ ^ ^iUflJI gA djt^JI 4-a.jJ 

.SjLaJI ^ 4£UaJI ^l^ji 


^IaLSJI djl^ aJI 


3jlj^JI ^ 1 j \ nxj 1 


SjLaS 4iMkl jl L^L^Lol ^ ^1 S;jl^Jl liLLJI ^ f ljJl ^ >=J ^1 f-e- .> <^LLJI 

^ ,M-<„. VI ^Ln^l J^L.1 Jij .(^^1 jL^iJ.L£ ^hLLh-LII ^IjJkJI ^ Sjl^JI J-^ j ^ « j 

Joseph Black d}L> ^L?- ^ jLa)Vi oL»-L=jJI ^ '-$->1 Jj ‘f j> > 1 ' * 

Sjl^Jl o-LLij .latent heat i_>_oLUl Sjl^Jl ^l ^^ikll aj 1 ^ 1 . 0 L 1 UI ^ jljjVlj 

.joule J^JL> ^ ajl^l auLJI ^ dJi£ -fj^-»-U ' o Ij^r ^ l .; 

^ ^ ^ 1 \ A A \ 0 \ \ ^ \ 1 « A i 1 L**J V 1^ pi (^J J X iJ Lk 1 1 


.pLliiJI 



.^LsJaJI jljtV jLJI Sjlj-^ ^jiJLuj_> 

a 'jIjjaJI JULLil 

Uj \^Jl J_1 J-UI :Sjlj^JI Jl L LjV JpljJo 
^LxiVlj .convection <^jl_^JI J—a^Jlj .conduction 
.a , 1 ,^.ll jl^JI ^ ^jl^Jl J^j-^UI radiation 

^LlzjVI Lol JjIj-uJI ^ $ 

•Jojuj J ^ \ v_>l^c iJUw ^ ji^yi 




























Ljjl^-Jl aJLLII Jjjl-o ^uuy temperature sj^ a^jj 

• J^l J lA-a j J . ^< .u J l (ill jj Ai Jk,all oLa_A_LU^JJ 
ol^ .pL_i_IuVl 6Jjj—j jl A_j J A ... 

6^1^^. sJl> JJ l -a K ^ .La p ^_uj d> I v ^^ . s J -v . 4 c ^,,. I 1 \ a /s 
<^ ^ a 1 1^ .aJ a! J\,all cjLLjJI dJ J * ^ jlj e. ^ r,. 1 1 


3jl j_^Jl A_^j j ,jxi Li^ 

(c^j-^O ca-iL$_>j-aLs c> *i^jl_Laj Sjl^JI a^j j ^ULj 


•cJ^J 

Jl A_^m Fahrenheit scale c^Lj>^ aU ^U-Lo a ... 
Daniel c^L^_> j-aLs J-j-jj-jLc J j j Jj jLaJVI ^ a ll 

.1724 iiui JjaJ 1 ^ <^LJI Gabriel Fahrenheit 
32 ^_A 4 -LaJI ,. La^ \ A^ 2 kjJ <jLfl CuL$_>j-ALi ^jLxLo .J 

a^j j 212 ^_a a_)LJ_c ^.jjj .(m) c^Lfj^_ aL_s a_^jj 

.(k_i) ojL$-jj-Al_a 

J[ ^ } , aj ^ a_uj j_s_s Celsius scale ^ j I <<■ ^-. l i a ^ Lai 

-<s , ^±j xa JLc. j_aj .Anders Celsius ^^_>j_Lu 

1742 A. v tx j Cj_j l ^ i j-A Li 1^-i-aJ l ^ t Lla Lj l^-L-a ^ju J_Lu JLs I 
100 A_L_£Lj^ pLail 4 -v j,' ^ Q < 1 1 4 U a t 4 \ Q J^ /%~ , ~ > .-n. 

,UI JAJ O-ti ^w^j^Lcu ^j..l Q g .^LaJI ^ . i-. j ' 


J-^=> ^ \ ^ ^ j j .^j-jJ-Luj 100 4_^jj . \ \ c ^ i 4 . 


Kelvin scale Jd£ Jja Lord Kelvin J4£ jjjJl 
^jlj-^l <i ^(J l 1£0) j^aJI A^jj >3 -i-^. > 1848 aJu4j 
a^jj (273.15—) ^jLwxj ^_Aj a_L11^JI 

J Alioa Sjl^k A^jj ^Aj 



^*j^JI % t<~\ II ol jJLujJI 

small calorie (^j^a<^>11 s^j^^JI^I) s^a-uJI ^ aj<^ # 

Sjll^JI a_i^ L^jL gram calorie (c 5 jjJL^ ^1 ^jlJI J) 

Aj^.j J ^ I .J p LaJ I ( > _^-a ^ 1 1^ ^ 4 ^ 4_i^_LL_aJ I 

pLaJI Sjlj^k. A^jJ ^_jja1Lj jl JjjC. v^Ij A_>J-o 

. aJsLa^ jil» I 

large calorie (^^1 s^JI jl) ^^Ul 5^uJI • 

a^-oS l^L kilogram-calorie ^IJiJ^Jl) jl 

jljA-aj pLaJI ^yQ 1 6jl^ix A^xjJ A_iJia-aJI ^jIj^H 

. 5 J-^.1^ A_j^_Lo A^.j J 


^jljJiJI Jfu2>>UI 

^ Sjlj^JI JUiil j_A conduction ^jl^Jl jsui J ^ill 

kil Jij I AlA LuxJ I ^ 11 L)-^ U ^ ^ v Q * . S 1 “-1 a . A_liutaJ I J )j ^_4\ j I 

S ^Ij^. Cp1aj-»I O-^^k J -1 Jl^ (J m 1 -n. \ 4 11 5^)l^>^. 4 r \ i t jJiJIlj 

.^jlj^Jl Jll^jJIII Aia^uljJ ^] Jj J[ ZvikLuJI l -V *V 4 1 1 

^ *• *> < l ^ (aj ^ > 4 —C^_u-J 1—i I 1^-aJ I ^__A_a_2k. 4 \ *> 

6J-fJI JJaljJdl J^_-a ^j_jJi_-ajJVlj ^ \ llj J_iJ^JLS ^jLx^JI 
J5lj^ Jlj ^MJI Ul .good conductors Sjl^^JJ 

.bad conductors zjjsJi ii»jj 



^jl^JI Ja^JI 

(_^jlj^JI J< ft^kl l A_L^uIj_j oIJIaJIj Jlj^cJI 6 jIjj^JI Jills 

J^VI jJlj-Jl Jim Jill I A_Jax. .convection 

J^-S J^^l j-il>^l Jl JLaJI jl JLJI J a! 

J-^-a J ^ik > L^, > V Al^-^oxJLi 6 LdI l^aJI I ■ w * 1 a \ . . 1 ^ l-v a 

A-iL£ J[ Sjlj^JI J^ULfl a Jl 11 5 j_A j J 4 \ A. 1 ...I I jJl J_aj| 


. J^LuJI Ji j_il^_aJI 


^LjlJjVI 

Vj .radiation ^LsiiiVI ^^aiJI Sjl^ i 

ejJI *\— } ^ IJ Sjl > >ajl jX^o Jj ^ulm (j\ ^_Lc % lV I 
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L> 


lalll 5 ajalll 


is; n ^ expansion iuM \ < oija-ii 3*4^9 oijj j* *>•>* 

^ -s ... ii 4jLi ' j a ‘ | n j* i ijj a ^ ^Lsijji ■ t*“^ * contraction 

C»ljl>lAVl Jjxa SaLij djIjiJI AajJ ^Laijl o-^i «-?.ja 5jLaJI 

I .^a'< J^s l<r. II JJLJ dJj j“<« «j sjLdl Sjlaj j^JI Lao <SjLoJI oLuj-^ ^-} AflL m &Jlj 

.djIj^aJI <Lajj j^sl a^v ‘.V <L^_tlj SaLJI ^ ^ 


r 

r- 

► 

► 

r 

► 

; 

► 

r 

r 



2JLi> l5 _Lfl .SjLJI d-L» A * \ )la 6jLJl JJ-cu 

A_a_il_a *__u<£>l ^—o ^_3 da 1—i_a^a^J I u jjjl.t 

^ 1 ^ ^I 1 ^ 1^«L 1 (| jIn* \ -Aa I J- 2 a A^c: I 

JjI jaJI l—ol .ciiJ j ' y j ‘' jj-^jlII ^ 

( A 1 1«^ I j I^aI I ^3 I ^ l ju^i I^j (J-SI Ca 
3 ^J) a' I j ^ I ' 1^ ui 11 3 J ^ ^ I I J—1 
_^L_a_j^l ^j Ca 1^ 1— * —1I ^3^ .A—a_l_a£*JI 

I jj "v *1 ^li^l I (3 '^* * * Cal 1 

f- 

(S- ^?-a J ^ £.Lkjjl o!-* 

j^£l A_Cjau-» <_a jj jlj <jl ^J[ CaLlaja^JLi 
.CaljLiJI ^3 I JJ-aa 6ixi Las 











AjsliaJI jLjjJjl Sjlj^kJl jl ol 

J_lJ^_j A_x^^aJI A_fll_laJI ^ 6jl—&J_A^ .A J ^ )^J1 
. £jl— oJI 01 i I A—7k <ijl——o l A ^)^ J—* 

^1 SjLJJ ,3<Lu £^>i ^1 oLLj^JI <£ja> £-l^j 
^1 ^.s J^loJI sJ-^j A_j-o£ ^ (jjj JJ-aIj 

A_ 1^ ~k. A_^.^J ^l__k_»^l ^ <o <^> Sjl—o_J_l 61 - 7k -> 1 

6 jl—«o_LJ ^_Lo_JI JJ_-o_L_ll <J ol— X —o ^-LJ- 


.coefficient of the linear expansio 

(Jl)l 11 ^laJI JJLxll 6 jLj^ o|“^ |> J-^Ij^ <AJ 11 A t (il l II—3 

diljj .A_^_JI ^_A ^^^.11 SjLij <j| J-> <A ia.a1 

^UlSjI JJlLuJ ^^k S J-^J (^1 L&=*-* 

(A 1_JJ-oJLJI A_i—J J^k~ 6 J ~k 1^ 6^1^-^. A__^.^J 

jl volume coefficient *^11 J-oL*-o L^Li Jlkjj 
coefficient of cubical ^*<^11 jj-aJUI J-oL>^ 

.expansion 

.Lu<aA_> 1(1 <A* t t IaL_i_JjVl 6^fk.j Cjljt-*-ll ol— 

JJ-aj J_^a_fll oljl—*—II C5 J > *» 

C)ljl-*JI ^-XA^kJ A hj <a i ^_A J JaiJI ,J-oL*-aj 

^^ 11 273/1 ^_a^ a_j jLxJI Sjl^^JI 

A , \ jl \ a a ^ 1_ a J \ C. A_jj) i ,oll ^ «^ill A__^^J 

cJjLiJI ^3 A \LaJI 6 j-A jl a \ c .\ fJ jij .6 J^klj 

^LlUI ^jl <6^ 1^ ^k 1 1 1 ^ (jlj J ^ ^ a <■ *** > 1—o j v C 

.Sjl^Jl oUkj J absolute scale jlKJl 


. ^j) A *“ 11 ^ 1—J I a J l->o J i > 


J^LslaJI q! m\ 

.A^j^Lj ^ lc. ^ mx^I .11 Jj-fll II J-oLx-o ^J^JcJI J Ja^ II J^iLx-o ^J| J^a^lJI a> 

^ ijx^lll JJ-alJI (J-oLa-o „ 

—- — ^J^iaJI JJ-aXII jJ-oLx-a !^l 

3 ** 

\_j ^ if A \ 11 V | J \ ^*V 1 1 A v \ . 1 . C*\ \ A 1 l^p U> 11 ^-0 LjL-^J I ^JLC (Jj i^>^kl I < S J1—0 J J-OJ A 1 A^ klJ J^k"> L-fl 

.Sjlj^JI ^ 6J^k.jJ L5 -1^VI 






























oLlaUlj jJI 


(>h ^LtaJi J>=^ *u>Aji £ji thermodynamics iuji^aJi cjUaUjjJI 

Sjlj^JI ^jLi <LaMxJI ^yiuLujI J^uxj ^JLaJ nK m 11 JajUI^ SjIj^JI 

J_»_a_ll *LLjI <Lal_laJI qLjj 1 ma >_a \ 'W& ( jxj Sjl^aJI Ji &". '.i . ■% •; ^ ", .djL_a_J_l 

£ 

l j x a ^ <LuaLak <Lxjjl A_ijlj_aJI CjLlaLIjjJI ^SLaJij ,^j\ j_^^aLljjJI 

.Laws of Thermodynamics 


<L»jl^pJI CiLxaLLjjJI 


j/Yl jjAAJI 

o? First Law JjVl ^UJI 

<1—I l <S I ^ 3 ^ V aJLLJI 

^1 ^Lkl Lo LcjJi I j_A 

Jj^JLlI 3 I JjJLII 3^j LJjt_s . aJsLL-II 
3 I ^llklJ a.j Is.IjJI 4jj 1 U11 
^ULLjJI l t^~\si \ 11 4 c l UI I 3 - lj 

lj_A L^ 1 In j ^ 11 4_fll_LaJlj 4 U j -v ^ 

. 4 _i U> >-v > 3o ^ If *>. 1 U J I 


Ijl oJl>! “LIL*. ^ a! Zeroth Law ^^jUUI JjJLi 

( ) ^ M 1 1 1 LI La£ . aJj^jIs A j \ - ~ ij J ^L^ A_j_)Lj Ajj^l^ji. A ^ ^ \ ,- t \ l *\ 

LS* (c)j (v) ui-® ‘(c)j (v) u J *" 1 ?' 1 o-° £-» cSjL^- OJ 1 ^* 

* * * 

.LAjI \%\ ^jl j- 2 v 33 I^ 

£ *jb^ = 1 *jb^J 

jr = c-> 3^ 

3^^-A 3^ ^Ua_> ^ j-=^ aJL^. ^ 3Loli^ 3 ^ 131 j^l ^\^ 

.LxAxj \ ^_-o 33 Iy; aJLj^. ^ 



2 E= 2ulkUI iiLLJI 1 

E 2 - Ei = Q - W 

ijjljjiJI oE^LjujJJ JjVI j^JiliLI! 



.A_jjlj^aJI oLj-oLLj jJJ ^j^usaJI 


28 













































&JLUI j^jUUI 

>^llj entropy I cJQJI ^UJI 

^LLU ^jl^Jl jjo^UU .^LkUJ absolute zero JlkJI 
aJLa Jl ^LLj aJL^. JLLljVI ^1 4 -Lj-o j_a L> 

A_ia-<a l^lLfi I 5^) l^)-A A_a.^)J ^_A ^3 1 L a! I j ^ 1 ^ I .JLc ^LL_* 
Li —>.cu^ ^ . aJ a_xlj_s j I I ^ 1 L v 11 La » 

^ LL ^ I I \^ ,J-u<a^iJI s\\ V A_jjlj^JI Cj Lj-o Llj jJ I 

A_jj I I Cj L-o Li_» JI ^ ljp_i I ^ j I j_A (j ^ 1 aC (JfLuxj 

<J>Li ^ 1L aII ^LLa_JI ^ aJ>I * IjJ 

LS^J .aJ A^i ^j| Jl ^jlj-JI 6jJ^i 

^3-LL-^l j-fi-L^sJI (jl ^l K\ I ^Jaa^i-uaU ^y& A_jl dll j 

finite series a^^ \ \a aLlu-Lu ^^1^^iI ^*1 o - ^ 

.^j-A-S-ll oljfrK^ ^yQ 



^jjljj^JI oLxaQj jJI jxiLii J-iLuj^5 

:thermodynamic meter ^rjU -j ^ jj ii ^lJI (1 
^LLiJI parameters oMaLla Cy^ CS 1 L y *^ J^ I A L tju^ y A 
^UU calorimeter jjuJI Jio 

.^LL_JI A il < A ^ 11 S^I^aJI A V 

aJLJ aJajla Lj ^Lk: ^aj :reservoir ^I^JI (2 

A * > >U J ^JLlI ^)5 Laj Ajj| lilJ j ^AJLJJ .^l lV\ll ^ J-oLjLaII 
^ J J-^-ll 0-^° J—^® ‘(jlj^l f—° -a—I—II 

^Ulo laA^ I Li . ^ l lV\ 11 ^_sLi_i ^ cj^LoIjlaII 

-«2» 1^°^) Loj 1_1_WJ Luj I Lj^j LL» J L» 1^-^. J.3LJ 



^jLUI j^jLLII 

V L ^ Lla_) A_j I A_JJ I^^J I o La-o Llj jJJ LUI LiJ I V j 

A \^> S^lj^. A»^.j J ^j-o ^a 3 Lj I ^I AiLkJI jJ 

(J^ ^ i * VI I J_A . A_j j 1^ 1 _a A_iJLc J I 

. lj| ^LLa^fl .JI.ACVI Lcj_> jkLtkJI J>^jl l»jl ^AJ qI 

aJLLJI ^V A_jLi jUJI £LoJI ji wIaLaJI 

3-i Jaaj <<_JLc 6jIj-2v AajJ JaC t^jJ^ jUJI p-LaU A Jjlj^wll 

IM i*lI.M a,^\ a SjIj-A <i ^jJ JaC .U-l.-^l I ^j_3l£_aJI 

J jj jl La (J-aC jL2kIi| JaLsJI ^A^aII ^^ic Ja-iLaJ> ^1 L Jjl 

. AajajLa LiLL 



i ¥ 



















£* jxLauu SjijjsJi ■ */«« w oi^-iVi sjl* combustion 

djAuSJ^JI SjLaJI ( jJlX SjIj^ 11 J) lha ^1 j aJ^L &j j A uVi . jt>^V i 




^jJI j_ 4 j :complete combustion J*L£JI 

^yQ J J JJ£, AiC V Li O^LcLalLall A_J_S Jjl 'nT* 

I j_$J 4 ^ .iI '* J^ h*\ \ ^ ~ II pi \ 1 \aJIj .ol ^ 2 ix>ll 
J_U-u^l ^ ljU*J ^Laa A .A-SjjJLaJI cA-Um^ VI 

.£t_h ^j^nJi ji*i \^<xXi 11 i_i_Jqjlj^ 

£^ill li* :incomplete combustion J-oL^JI jl^Vl 

A_l_$ ^Jlajj . 4_LJ_S ^JL^J-U^VI A.j-qf[ l $ jfl (1)^5^ <—^3^® 3^^ Cj-° 

.pLallj £-Lbl JjJ^ uufs VI 


©~ 

















^ ms turblne . ^ 

3UJ '^<0 

i_^j ' JjLs ^<*jU ji 
-^■H>jU^y )AijJ 

eternal combuslion .i,'? 1 ™" 9 'urb/ne 

^ C.0UJ, . u “ - ^ -engine 
9aso »ne p /st0 “ . JP* ^ ^ Ur 

■engines 




4 \ \ J-o CjI 3 ^ 


^ jjfcj :smoldering ji^Vi 



^ <—tf-1 cjj 

jl I j_A ^ ^-Ljj A ts^$W a Sjlj^. oL^.jJ 

aJs l ^ If jaiiLi-o *.j^ fl t 

.J^fljjl £_k^ L5 ir. 

^sjj4 :rapid combustion j^uJi ^i^Vi 

^cjlxj ^j^juu .fir© 3_i^^JI_i L^ij! 

4_j^l^^JI A—fil La_ll 3—° 6 ^- 13 —£ 0 1 \ ^ 4 \ r 

* e 

UL^I ^JLlj L-o^ 111 ^S A a~ aI I A t ^ J) < A 1 1 J 

<iljliJI o-a L ^ t l \ S\^. 

-—Sj-»-dJ <C 5 J^ U ^3 <Q£. £-11;! JLc. 

.explosion jU-kiVL. JLJI 4,1 a ^ 

£j^cuJI 3 l^> .~i ^ VI o -1 ^ i -1 ~..."^ 

thermobaric &j\ ^Jl u ; .ai i 1 1 ... L, 

.LfLiiiil 31 ji^VI 3^ £^JI 11 a weapons 
turbulent £_ii_$_ii ji j»j_la_ iAaJI 3I 

dJj j-a, f.j U ,^ll 31 _>i^VI :combustion 

* 

• £—^•1—1—a —I A le £_!_!_j ^j_ll 31 jla.VI 

3f-? £ J-^l 0l.3l.AC, ^ 

| Ji s A l£ I jj ^ 1 6 J LjJ^J ''—■* 1 J iaj^^aJ Ij 

^-iJI oLs \x 1 L$ ( A 3 r 1 \ /^ 11 ■ ~>1 0 t t U ~ II 

0^1 c> 

>a :slow combustion u > n ^i^Vi 

.A_x-aiLk_L-o Sjlj^. oLa.jJ OJa-j 
d-*-^-ui_» ^-i ^k SjLaJI ^ l^k IJ 3 I ^ A j) 

. I a u < / ■ i^j 































ui. diUaJI ,jL^a 

% V 


.iSLbu a,i,,ui i ^ non-renewable energy ys. ^iibJi 

jjLua.a .4jiu^ 4 j va j 5jia LjJlj ;"iiul 1 j 4 l a . ji L&jLajl 1 j > Qjl (j^aj ^ 

olia .fossil fuel <uL ^*_t;hll jUUIj iailll^ ^ ^ .. 4 JI 4iUa.ll 

tjA 2 -l ,.,a".Allj a-ijA.il SjLaJI JUjHI fjA JHuj ji$ .»j j VtJ I y£. 4iUaJI jjL-sla 

(j^Aj V <uV -a 1 i-y-.A Jifc SjLa ^^sJI j$ 3$JI_3 .jj i<u.JI u$Vi Ha cHLa 

.L^^JLul 1 ^ 4ufr j ^XjjjjJLj 1 j aAj^jlj 


^ * j lira II jLxJI JSuJxj 

LjLLJI <> ^ » j >kJI Jl-JLJI J< &>.i 

~' 1 Ilj ' 1 j) ." 11 "t t '< 1 1 A_LL^u-i all 

A 1 1 ^ " aII 6_1_A ^—CJ-jj 

.organic a_>j_^» _11Jj^Jl—> 

jljJl 6iJi .-■!< ?•■■ j_s j matter 

aSuucu* oUlJ* 

U 4 .AllJ Sjl^c^JI J—i-Afi—1J .A— 

^Jl A_ujlA^JI A-JJ) <Ah II £>j_A 0-1 j) ^ > 

jLij (Jjjjj J 1 ) -laAij 

.JjjlJI pLilol I ^ya >_SjLc jLiJI 



lira II jLxJI 

.a^IjJIj ^jJJI ^j-c jlA natural gas mU. 1 I jUJI 

c^j- 9 ^ 6 -» i c 5 j-^' J-^j 

^ .^jAjVI jcla-uj ilAj ^ a \ \ U11 jLaJI (jj-i Ufl > j 




I 


cH> 


4 A U < A 




. .Ul l \UJI 


_l=J jus j i - _-^i ij .methane (^\ ^.>*11 j!) 

Cy** * ^^ ~ 2 J) < A Uj (aj \ II I oI 

A_Aj_jj^jjJ^JI ol—i^j-<JI ^jAJAu_>j 
J_aJL_zaJ jl g-Ljj $ *\ llj Sjlj^JI ^Ll_jV j^_ xuLujI 
4 \ r \ \,^ \ I ^jAl^cVl ^Js Ij_j_slo ^ a j iUII jLiJI -olj ^ j I I 

c>° y. 22 yh 

^ V , : UI I jUJI ^ LJU^VI iiUJI 



AjlkJI 










































Jfiwiifc*:- .. . 


compressed natural 


■bjJUAoJl ^ x \ ih II jUUI 

i il~> 11 JjUlII I. \ a. ~«1 3 ^ a s 

4 . . U -* .^ ^ x j \U jl_c j-Aj .oIjLaxuJI Jjx fh"\ I j_j j^ 5 gas 

.cylinders oL»ljk^VI ^ j: oL»!>> 3 ^ ^ 

" * 

V (jL-S I jj ^ X \ \ U 11 jLxJI 3-° \ Jjjl ]a jJLlAaII ^ * i t U II jLxJI j 
* " “ " 
jL^loU^L^I |v I j ^ m I o cdJj 1 u^aj j J j t > ^ I j > -v ^ \ 

jLxJI ^1 jAJL-ul ^JLjj .LljIjLj-uj ^ Iac. (J^iu > Joj 4 . A A ll ^jlxaJoJI 

Cj \ AA LujJ Ij O I £-jujIJ 3 ^_Lc Joj) 3 t < I ^ * J * U 1 1 

* 

Jj-S jJI jjLx-^-o J ^.1 la jJLu-o-dl ^ \ v U 11 jLiJI .cJjLx-uJIj 
3 -o iiK J 5 lj IjLoI J^H\ alternative fuels 

. 6 l^-tx» 


.(J^Lajj ^yX} ilr> jLc. <d^L» &l jl A) A_j_LoI A_SlsIj-o 

JiLuJI ^j.UH jUUI 

3 U liquid natural gas J^LJI ^j.un jUlII 

II 4 ' 4 K_i ...~i J I 4 l n a" "U 

L illrx-Q ^ Jj J-i J jJi ^ (JjLxxJI ^ ^ * U 11 JUlJI 

.fJLJI 

< *— ^ j U 1 ^ Lc I 3-* ^■‘J I ^ «j 1 U11 j LxJ I cj l^-j-oo 3-°^ 

i^l lK 1 ^! JJ (J* <J o^J 

I ^ 3 ^) ^ < a_c^ ixj j j "v > > < 13 o I j) ^ 11 

1 J 1 <4j\ L y~\\\j J^LJI ^JLJ-iiaJI 31 —*— 11 ^ .L_>lJL> ^1 a_LL^. 

. JllJI 


(j-o ^LiJl lr^a'ill £-ljOkJL«jl 
.Luojl j-v *1 1 (3 La£,I 


■ 

, , , J 0^4 






























wUiLbJI jjLu^ 


ji 3« ; «u 11 A-LAJub jjLaa renewable energy sources Sj^i ^UaJi 

J a, r."i i| j \l.>s a II ^ J »<,ri~t II j a x * II a Sjji/*>^ 4 j*i a j 3 jl& I j i 1 j K < »t 

.(juAulJI ?-y~3> j 3 4_ijUI^ ^jGLlUI Sjj^LLJI jjL^uJI 





^oe.ecUKpo^^Q 


<Ui.gAui II SjjiJI 

<ji VI .solar power a^a£JI ijjli I a^LL jj^-o ^ ^^iJI 

A_4LklI . Cj 1—SjVI ^Js A_^».LLo OI ^uaZoJI AjSU o 

photovoltaic! ^j_^LLJjkJI J_jj_^jUI a ^ ^.iJI 
p ^.a ^2)-® ^-uj1_la a_jljL^JI ^j \a 1 i ^ .conversion 
i*U j£ j ,photovoltaid cell LUiji A_*k> ^^iJI 

4 \... a fl» 1 1 4 _j^ lj^ I Cj I I aJojuj I^-J A_j_ux^xiliJ I 6^) jJD I jJ 

aJLL j ^ »/; .solar-thermal electric generators 

f.\ tj^ll SjJj^I oLklxJI £_ja^ jJI jIA-JI j-LuV ^jxj-acJI 


LuxlAjmA\ 4-JjIjJ^JI SjjiJI C)lk"k A 


solar thermal a_>jI^J l SjjJUl oLk^ 

.>L Jlikj 4-j^SJI jJjil Aj^kll AjiUbJI power plants 
solar thermal a j ^ iJI a__>jI^ aJI oUkJMJl ^j 
a q \ r .jl.^il IjJj-® VJLuu of-vj receptors 




A >l *£-1.0 AjjUa L$ J[ jl Vyll 

.AftixJL* 3 ^_Ls jJI j-o AJcuxil jj 





















ji 


^ jjjf . ^ ^- ,Ljl *jj-iJ| 

^ ^-*0 ' ch> f- L»j_ij| . ... 

6^1>U (>*^j - - °'^-‘ Lj ^ J, 6L£ J 

^ <*SU« 6ii ... 

f . _ 4J4 ^ 
^Uuji ^ . . _ ( f 

uLSj .^SUl f 

->827<i. Benoit Fomeyron-^ J ' j 

y U " OJ^H J>s 



. 4_ a ij|. ^ A t > 1 U> I ^ a A_lL^ 


4-ijLaJI 3jjiJI 

C£j^-JI ^Loll Lj-o 5J-£-lI A-i 1 ^r <_j^LaJI 6j vei l t \.^a > 

.jJ^-aj A_iu^Lo 4a\f j_> j_> / j ^ 
^.LJI Jj_uj JjVl <_Lj^JaJ| L Jr> \ Vl J 

^Oxuj L5 -lJI <LklxJ! CjIJ-L iu li r > * .A JjJxuJI J 

j'-P S^S LL;li]l i-LjJI j .^L^UI gilii JjaJI 

^ Lf£j--v ~i i <_LlaJI oI jllu ^_lc j d \ 11 

.e-Lj^iUI jJ^j l_d 1 % y \ 


<Ljla£us LtaJ JlII LjiLaJI j^. f ^ A 

Ji SjJlLa-o LiLLJI <_Ljjo-alIaJ^JaJI L^ V^ 11 J j 

f- 

J J Lf-^l JjaJLuJ Lh^uj ^>111 < 1 $ u, (3 —Aj 

^ ^ ^ J[ Lj^UJI £> j_A j-LLaJj VJ 

^Lj^Q oL^IIa L_J <_jJj^llaJj_Lll Lj^LsJ! jj^ Vj 2 

VI jJ-cl*_j V c-Luj VJ L^_J VI .VjlIJJU& Lj jh ojjaJj V 1 a **l 1 ^*C 

Lajjx. LLJjJaJI LjiUJLi <6jUJI oLiwLlJI J 

•J^ill J jl (^LiJI ^uSUll ^LIjI 6jjLaJI 




















2 —3jcUiUaJI jjL-aa 





^_lc S jl_£. ._ a ^ ^ I j \ ^ xxi 1—^ ^-L_»jJI 5jj-5 j_1j—> 

\ qj .*L>j (j ^ L$Jj)j LjjJI i_flLL a $ \ *.J1 U ^ 1 1 j j 

3 |j_LJI J_jJLiliILl A_J_j^_k Cj 1 J) i < ■<-» 1 ^1—i^JI 6 j k-S C^-oJ_^JLwjI 


A \ \ l I okk. 


■AaJi < 


ixuijVI <LjjJaJI SjJLII 


6jjUI jJ»/vo ^-A (^jVl O A_jj_flJ^ll A_ijlj-^J' aJLLJI JXJ 

oa .geothermal power (i-xijJI J) 

<^^ll jlj-dl J kxi-dl C j V> J^kl-Ldl 

* ^ 

A_i_flj) Jl >1 ^ aII 3 \ <U\ L<xo jcjaxu 3 -0 A_i_iJj 


•J~ Jl 


6J-A 3-o VA A_»jlj-aJI 5I oLk^-o J'-HJ 

2 a 3_>l A vT,," ^_Aj <4_xflj> Jl fcLydl (3-0 Aki^LuJI okljiJI 

p * 

^3_a .c-Lj11 a-JjLl j J Jl 3 j-^ ^ J ^ 

J \c J j \ il l *LJI ^ <.A-j A_i_u3jVI A_jjl jj^JI 6 jJ_fi_ll oL-k^-o 

JjLJI ^LJI jVl ojl J-^ (^isjVl Jl ^H^l 


J_jJSj q\ VixJI Jl! jLkJI .jV^j ^jlj-^ Jl 

4 a!a\ I ^ilLa-o > SjJJaJI S J ^>-aJI ^ j Ak ^ J j < 3^1 1 

j l vaI I a ^jaII <lLsj1 JI 

Lardello J^jjjV J Jvi Jj JJI aJ^^ ja^ 
JLaJI A \<^jl Jjlj-^ Sjji A k^ Jjl LJLkj[ <-> J ’*> > 
3 1 U t fk i I ^j| J_> C_SjJLJ A U^.a]I £-Jij-oj .1 91 1 <Clwj > -Iflj 
.Valle del Diavolo (Devil's Valley) 




y 


^LijJI q! a 

.(u 22) itLJI ^ 14 <> J53 V C L 0 JI L^i Jjklk, ^ wind farms C L^I (^jl> jl) olk=^ 

(JUJI ^ oLikiJI wind power j-L^I Sg^is ^1 W oUi*JI ol^kc j-L^I oLU^ c 5 ^j 

^. i ...<- y Horse Hollow Wind Energy Center J* ^CjJI ^ (JUJl y U .^k^JI 

.^Lc. y Jjio 230.000 J k^k>4^ 421 c5^-> f-ki 



c 1 ^ A U ^v-a 



































o 



i Bay otFundy ,#•**; 

o 

y y w 


j^J| 

oLU-i^JI j3-^JIj J-dl JjLIj 

j-aJj .<l_^jVI *j<J\ *L^jl ^ Ljjjj \ j j 

aJLLJ Ia_iLa^J| jJ^JIj jJI ol£>^ 

< ^-*-° (J-^» J jl &l_yj| v_j jl «*j \ r> £_&jjl 1 IaJjJj 

Cj l_5 LLaJ I A_fl l£ ^a \ ( xi.j ^j-o l . 4jj LLaJ I ^ya \ \K 4 \ 


Li 1 «^>^1 tidal energy jj^lj ^1 Sj j _^ ^dl 

C- 1 ^ v ^ v ! c> Mj ULu> 64.000 


J^ljoJU j-JI ^ ^JLxJI 

<I*H 3jL4JI < 3-^1 jJ jl J a \ vqJ I 

AJii-dAll .Lo±& 16 Jl_j V 10 ^ Q jj^dlj 

^ 5 Ah aJLUI w 1 j~ 1 

• I- ^ j t_jJI^yLoul^ l I \ * IjJj \ *J \ .\^"aI I 


J^LLVl 

j j jh*j <<j^x j>5j ethanol J^UbVI 

(jA\ JhA\ j aaW\ Jj^LLjVI LS h. J^v» j .*>y±A4 a^jIj 

> \ / 0 ^ 4 l t Aj v 11 6^ jj l^j 6^ jJ I l ^ A A t i r ^ J , -n. > 

ljJIj J j ujLiitVl ^ ^L^l 0^4 Lo£ .jjVlj ^$11 j j^uJI 


^ "!J • ^—^zt i -^ 1 1 “A- 1 11^5 d~ ~ t ^ >> t I L1 4 , im.a 1 , > \ * 1 1 

.£_luIj jUa_> ^-lx JJJ^sJLJI ^ft-i^ll JjijJI LlA 

unleaded jA_ ^j^jUJi y, J^UjVI 

ji$l ^Vl .juil gasoline 


J>>'-^!^b .j»JL*JI ^ J5UI jSLu, j 

ls’ t>» Jl ol^Lc /25 ^ JSI i 


< l \ J 


•0^1 Jii 


^l^aVl AiUs 

■^Jl - 1 c * ijJI ^j*LUI <JjLa oLj-o^ 1VI J^^~, 
(jl ^JL*JI (_|^.l^uj ol l ^_i~> ni l ^lj_oV (jiajj ^ 1^ I ...I I 

|J^.IjjJI ^JAJ .6j-lill (j-0 Jslj l X 14 (j^jl* 3 — 2 (jAJ Lo J^j 

Sj^juJI oLV^JI ^ wave power ^I^Vl Sjjl. A_jiiJl 

oUyjij i-jj jLa_i j i _i«j j •, -v j Ljjjij 

I_S—L^l—*JI -laiJI > ‘ 1 1^ 6 J_^JLa]I CjI jVj_JI 1 . I lj~...lj 

.A^j^JI sjjiU ^Lijl oU.l£J Ja\ ly.^o.lKi 


^*A,. y n ^ 

r^Lh , 


£. jfl .~>l U "V 4 

f cliL. ^ wave farms E II^Vl (^jl> ji) ,-, iu^. 

OaI; Aj .oLilslJI t 4l~i\ n ls _L aj^il»_4 ^1 j^.Vl Sjjj wljtl 

Agugadura IjjjL.^1 ^ ^ ^uji ^ oL k^ J \J 

Jjj-j; <j| ajiiajl j>. ja^oj .JI jl;jJI ^ ^^.L^L-JI Wave Park 
Sj-aI. ^ I Pelamis ^ jLn sL^JI a_^jJI l si uii 

^Ij- 0 -^- .- i_i i Ljl ^1 h \ t.K ~ ...^j ,^-|j_aVI 

ijjl * S . i Zj i kjjjLiVI J ^-«~i~i j .(jA* ill l ^ .A-» ii 2 l.^t >, 4 .g j 

.<-5UeJI W-v j 4 U,.. 
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^ \ ( 4 ^ A 





































.force s^iJLi u iLubjoa i* ,AP s^jjji ji iaiiflJi 

state of rest j^£udi j* 4 -*' ^ 4 *dj*^ 6 ^i 

.44 ^^aJI <Lifc jxu jjjiu jl <LU£ ,U ~H V 1 1 " 1 6 * d^SJJ ' $ _'-Lt 

.dLaJlj jI^£La C>Jj 4 *i a <Lla£ 

(■ 

5^aJI p,l^jt 


5 jjjJI I 4''i^»~i .Aja_ikJI ^ <_£jlJI fc)j^ Cy° 

^jLaj JjjC. A iLj C-uL^ i -1| La i_. i m i ", i (J j 1 11 J O U- ' t - ri t^l 

. j_,i^i j_.^... ? non-contact ^Lu ^^ jl contact 

contact forces <_>aLajJI :L^ jLi^aJI jl 3 -aj 

.action-at-a-distance forces j*-> 


a _i< j ;LJI S^aJI 

read ion J*j jjj action Jxi Sji ^ normal force A _n J? kll s^iJI 

* * 

~L... A_;Jj_a£. Lajlj .La£ K~i-J Sji <J >_jLii ^ iAaj 

mg w o3>" '-^>* LaajJJI S^ill (_>“Lai!l 

a^aaL JjLsLJj «^iiVl JaiJI ^ 0 c^“ ^ 

1^^-A AaaaLaaj 

Fn = mg cos 0 

.<_K»jVI jSj- Jl LaIj ^3 ^1 jLaJ! ^jL- 3 g Oaa- 


A 

(JuLaIII j 

A i Jl utajVI ^1 A—i n A) ^ n i ^.1 1 J—II l>J) ^ 11 i j —^ 

* 

Jjlf t a~* Jaa-ia?. Jj) j-Uj Ja^. a^ill A j-A g^L>J .A^iLlA 
/jj j j~i jjjLs ji*iu ii M-> ■ .Lx>L>j-iJ I ■ ~ i ^ 1 

^^5 jl Newton's third law of motion a£^>JJ liJLUl 

\." j a ,.X1 a" LijI 1 1 1 *1 a oLaLsjI <_>"La1JI 

a; V ,u i s ji Jlj tension JJIj friction dLli^VI 

.^LaiJI ^a> normal force 

» n<-.^ Vt SjA 

jAa. gin ^1 force of opposition jL-iiJI iji ^ 

a j A f |-J| J ^ [ ». ■■■-». In Ml I—A ^ iaA ^ L I a J i/M J 

.resistance a_ajL-LaIL-. a^L_UI ■>' . a~i_ . I I 

A_a.jJj L ...II A_t j i Li ^ I fc ^jLjJI dl ^ ~i -> *^l 

iilliLa.1 LaSaI ^j-Aj .1 A([ i Al« i I a ^ Jol ■« iA i l 

.static friction jSU dlli^lj .kinetic friction 

jJjJI S y* 

J 1 t^l lj ia1 ^ ft ilaa ^1 u^ <*i. H 6^5 A a I a C. 

.tension force oidl 5>L> c$»Al tr 1 ^ 

I^J^VI ^ I 1^. I ui I I ^ i a s JI aLaaI LaaIj ^-A^j 

.6A Ac. 3_lkj jjl U^ltk ll j-o 

ol J l $ *uAj jl Uj4k .ll A_1 i£ 6 J-A 

. A—i a a! 



























jaj (> JxaJI . o 

tie-; ^ ,^-UI ^^aJI 

.action-at-a-distance forces .a** <> JxaJI j^kUio 
u . 1 * "O N le; -l=>-"j Xj <£J,j-i-ll <^a J f I a ~ II l A a , s -, ' ^ , 
5 >^b <<J-! jl?JI 6 >s :jaj JaUiJI fjji Alia! ^J ^Ic l a~ aI I 

. A_j_» I .;j) o 1 1 ^ < A i i L> 1 \4 /\l I 


■ ^u ^r .i l l ^yJLiJ Lfjljljuj ^ . '<1 J<ll ^ o 

ile- c^UI _>iLilJI jl i_,jL*JLll ^ I-t'l , J Q<II 

.A-jJLj^^JI (_jjJJI ^jn a r„llj . l—o ^ i j r.. * 

.al^lJlj oljj^jilVI jjiJ AjjUJI <^aJI til* Jl±«£ 


«Lij jLpJI 3 ^ 

J ^j c> <^L3JI s^iJI ^ gravitational force Sji 

C5*-*-?-* J <Lj_jL x-«k^jI ^1 J^.VI A__i_j jU^.J A J ,A jVl A_i_i jLaJl 

^1 Vlj ^Ij^VI L $ J l jiiu <_!_* jLi. ( 5 j-S a_i 3 L-^JI ^1 j^.VI ^ i 

Sir Isaac ^-“Jl <^>5-11 aj-a t o;:.~< i 

l?* JaiIiS J£ (jLfl A^jjUJJ .Newton 

> J Ala ^£j_Li l <A* j Lo$ ,A-> 1 ^Ll c. 1 , A 01 1 

:aJjLxa]| ^j-o 6^JaJI 6j-A A-o_l5 

P _Gmim 2 
r 2 

Lxa m 2 j mi ^LLjj) ^ il^l l < 3 ^ 3 jli\ ^_a F 

<(f bA^L* l'-'-£;j) ^Jljsll ^ ^LUIj JjVl qUI-^I) 
G j <(jU-VL (j-Uj) (IaI I^I I l^La ^ aaL^JI ^ r j 
.(6.7x10 ’ 11 Nm 2 /kg 2 ) ^JLdl a^ jUJI a,U ^ 



S^iLII jxjLji 3 

‘Newton ^^ill 3 jUI ^Uil ^ 1 k\l l 

ijjikJI Zjli I <gL j^I^JI £ 3 (N) cJ^L aJ 

^ J^lj ^Lo jlj-loj <±l£JI ^ j^.1j ^\jAjS. » j j 1 

.A_xjj-oJI A__x3 Ljl) I 


A-iio jFiLulaJI 3^LII 

A-. j < aj j U L \» ^1 1 6^-DI ^ ) LuJI _? a ^ j t r.. ^ 

^ magnetic force 

^ momentic i^o>Jlj potential a^oI£JI i^islu 

A-i ^j l n L>jLJI S^UI (jLfl Itll .LiloJ ^^ULijuJI JiaJI _,1 ...^ 
j_Ja-JI ^bjl LfjL L^JlC ^ajLLJI J r.. 

•C^j^^l aJL^JJI <l 5 _L 3 JJ ^.ttjjULjjLo Jo^ > a \^ r.. 



6j J^JI ^J^ l l rt l i « -o Cj VLliu 11. 


. A_ixtxJuL LJLoJ I 6jiJI 


© 






























&*. <»n 4 -luxUL; u ^ta jt ^ motion 

<( ^l^ ^i&j ^ temporal Liaj ^ spatial >j^ •f^ JI 

iAjxuJI oLa.^UausL» L^xt ^jjLLJI *3^ #*3 


2 ItCj lj SjJaJI (3f-? ^ax.ja_ 1I :^Lln jj-jLAJI 

dijj-^Ll ja£I 6ji ^ A^UJI ^>=Ji ^Lh^J 

.L>Jj 1 0^ 1 ^ L$J d^ld U-x^J iiLxi-JJ Ja^ 

:A_JIaJI Ola^JL dlJ j ^ jaxaj 

F = ma 

m ^u-=JI a \\< L a 5» UJ I SjJJI F op 

.3. A_ia jl-^JI _ » * “‘ * A-C. j L xa ^ 
^w^aj j-Aj .S^Ja AaMaJI ^ajI^UI ja£I j-Aj :oJLiJI jjJjLDI 
aJ (^u^Lsl-oj jl jJLxll <0 jLxxx-a Jj (J^ ^->1 LT^ 

<LjjLluA_a aJj! fvJI ^jJaJI J^-*-Sl J^-*-^ cjl t£* .6^20^1 

.2 Lu£IjlLo oLaI^I ^ Jr3^ ' (j <jIxIAa1 I 6 aa ^ 


L^JL^j ^Ll I 2 < J ~v 11 J^A_i I^JS A U. XJ IJA 1 -AaJ Lc A^ jAiJ I 

Newton's j^JJ <33^ o>>^ J^j -lP^h 

c > Jlj - 4uI£aJI j«L*V l law of motion 

6 ^Ul J^AA AJS^AlJI ^*^-ujA ^AaI^5 A_J^L> ^jA^AA 

.6ji-il fi> j-A i 0 a \ « x T> lJ aJI a£jaJIj j^ u a > Lr tc. A 5 \U a11 

A_jJLaxA J jJI J-AA-^xjA ^ . XJ -J I (jl ^ 5 -^- 

~ Q * 

A '**• j » >» ~ ^ I-^ ~' < L-a 6^-fl x jlc . ^3 X—A-oVI 

J^LJI ^-LaaJI j L£d 

LAjI dJ j v_.X 63X 1 j lc . 3 -^Aj LALw 

.law of inertia (^idl j>^=AJI jl) i-!LA»JI d>*'- 5 f"'-i 




















^J-=H LUjjJI oW 


J^JI 

^ rotary motion i^ljj Jl J iS^JI 

p * 

^ilj A "^'^ d-°J ■ Cj->U> JJ-^ Jj-=^ obj J 

•dAj^a~a <LJ jdl < 1> r obj J 

ijj_ll jjl is J^JI 

jl ^jdj jLu) J*. iS^^JI 

jl J .circular motion i^l Jl 

* 

^Lxx^Vl L |-£ 'i i > 4-A_la_i_idl I jJ I 4 S H ^ a 0 4 a U ~ \ a 

JJ^^O duLLI l_AJ_*_i ^_Lc 4 U 01 ~v A i_L_»l__J 4 r J x 

J-*LL»_j L5 -f-S < ^ I n Vt J l JAJL 4_>jJljJI iS^iJI Lol >c jljj jJI 

j L ** a !I Jx. 4_ a.ll\r> d> Lcj^x-> 

4_» J JjjJI 

jl^VL reciprocating motion 

W t> JLL»j .vibration 

* * * * 

. JiuiVI j-^j Jr.VI j.2^ jl LLa jj 4 A_i^ JUIj <^IS 




< A_La_s 


iSj-aJI ^l^jl 

4-iiLsl^lLJI 4S^^JI ;^_a ^1 ^_>l 4 *v... ^J| 4S^JI ... <a~ 


‘^-dj-^jdl J^dlj * 4—^—> JI j-d I 4_S^aJlj .4 \ U-vll 4_^j_^J 1 j 
. Lj J J^lLlI 4 Sjj^JI^ .ijjjtljJI 4 *\j ^ 11j 

ikllH til i^lJJI i^J^JI 


Jj_^Aa 1I £ J 4 L \ m ) II 4 _cL_luJI J 4_Sj^J J j ^ A > 


^ jsimple harmonic motion IL... : n iS^JL 

dj^ » j .^u>ll sinusoidal iS^ J*. Jj: 


J j| fuuu*. JS Hooke's law dj_A 

JliJI Hj-la Li^uLAJL-o ^AjLJI Jj_U ^jS_j ^ ) 4 U j...» 
^ ^ uUdJI 11^ J LJLL> 4_i I c 

cd*-? LJI 

wLxbddl iSj ^ II 


jb linear motion 4^114S^JI ^li l^».i ^ Jji^ i 

(J ^^>^1 .J^.lj ujJ ^1 lr>^ 

(4_U_fi_j jl) 4Sj-^ ^S-OJJ .4 ^ l n*t \ n ^i£ jl 4-a.kVi^ 

•t d-°d-^^ c^dll X 4jL^aJ-AJ 

jdJI iSj^JI 

jb (^UjlJI jl) Brownian motion i^jl^l iS^JI 

-J^ ji J d^-* d^ *^1 J-^-sJI oLc^J^ujJI 

. d> L_A L^j VI 4^.j_sJL-o Aj <Ll_j_3L-o IjLlu-o 4_SI 6 j_A ^ t *? *t 

(jl J-»L*JI d>L_i^^_A d)La_j»ui^JI ^jL^lJ LLl=wI ^\ ^ 


Ldjlj-dl 4 Sj^JLj dJ j 


.rotational Brownian movement 














































djl La |U>a JjLa. LaJ£ (^1 jLuaUI d^S friction d K"ta .Vl 

Lai ,j Ki a aj ! a a . jn ^JbxuJI £jV I i < u \ ^CO^JI lit u La Sjlx d l^i^ Vl O J 

.<LajULa JSt ^-a jxJLajI ^laxuJi 


^.lc. Sjl.Amll 

■ L-ft^ LA-* J^LuJ tiJl^L ^.1 ^ 3 !^ j-o 



dlSi^Vl cl^i 



^LuJI dKWVt 

c^all dl£i^ VI jjb static friction dl£i^ VI 

... 1 1 <UI_^ ^_a 1 (j \\ jl A \ uju \ 1£j ^.LxluI 

*1 K~^ VI J*L*J> o jULLjj .1 . A 3L-> 1 3 .A * „ J A t < A i \ JLj 
^UUJ^JI \ J *v 1 A_A ^ilo-o ^ ^^LaajJI 

■ |is j-^^-? aJ aJL^ 




























dlSI^Vl 

* * 

o -0 j-aj Ms j-ojJLi SjLc, <_£jIj_SlII 

LT^ ^ dlli^Vl J-aljL-o 

f-^uJI di^j a_Sj^JI ^LxJI dlidL^VI 

.limiting friction ^L^JI J ^Ui ,« n<^ vi : 


Ms=- 


N 


.j^LuJI dlii^.VI J-oLx-o :|i s 
.a j«j jU 6^5 :N 

<M k (^5-Sjddl dL£-IjxVl J-oLa-J J_-o j_j 

: l5 _L 1—4 K ^ a~ 


Hk = — 

N 


^Jl dlSi^VI J^Lx^ :Mk 
. a j * m U 6j-5 :N 




dj-ol__a_) ^lc 1*11 ~v Vl \r 1 ... i 
^uxaJI 4 lj\ aII 4_>^jlJI 


dK~i->Vl 

^ ^ kinetic friction ^^Jl .<i k-^ vi 

■ L- n g .At l I 4 _j^*1JLj l _' i „ . ~t Jj_£_I^dl £ j_. * ■ ■■-'I I 

iLo 6jl—4 ^ 1 I /> 6jl —A t s l\ ^ " -v VI 

Ijl U .fluid friction jjLJI .«i k--. vi. (i_/,u iisL*) 
sliding jJjUl dtSi^VL 

4 

.g K ^j^JL dlli^VI JaLxJ jjj .friction i 





































dJLbjdl 

j^jii a ai itjudoJi 0 * yV ^-u-oLa. ^ inertia iJLiaxJi 

<lxiua.J ^jJI dK“l^Vl jl j)J Ij ILfc skj .JJUIA jajjLuJI jj 2 -ll y* (sT^^ *" ^ k ' *“ N 

jj*< l a i I ^ ii.fi dJLh-*JJ 3 ^LJLt jJuuu^i jl^ LLti (jA <«UUaxJI ^Jl Alj ^ < I I ‘La^LiLaJ La *" 1 ^ 

j/Vl jj^d 


4_JUajUI d_G£JI 

i d ...«•. i_JLLLll s i~< i i ^ inertial mass LJLkaJI a_Ll£JI 
i -*ij;jS~ ii^ia ^ gravitational mass 

a 1~*\ 2 ujjjjl-o j %g. A_llf£ a U c~ £^5 aIjLLcu aJI VlII a_1 
a 1~*C ^ i«r aJjjjjl-o £ ^Js ^-wj^JLs aJL1qu*JI a_1i^ La I <Aljj-*-a 

:^jl j_=»l ylill l3 j. v ^» J ^jLxillI ^LjU aJjj^x^ j^c- 


iJLbjdlj iJiSJI 

a i.ss \ < ^_Lc mass a irtII 

A 1~<11 j .aJLLxII ^jS UJ3 ^ 

quantitative measure L5 -a^ LaJ 

A_ll<JI A_S^-C J_j J -a .^-ux 2 ^ A_J1 In * \ 


A 1 U ~ I I AjLu-saJI * 2 U U* U i 

F = ma 


k a 

► ^ AjLlLkr. A 1 >i^c Ja_sLuj < <-» ~y lu_» t ‘ ■u\ *1*1 

f. CLul-A-ll £ jLcalJI I 4 J A Uol ,^l l ,u^Vl ^jl Cu-i J .AJLIHj aJ^£ 

a_1i^JI a \ 1 .^j-1 (.u \-o ^ 1 1 v5D I )I 1 - *7* - ^ 

:^_L L-aj A_JLk*JI 

V 

r 

k A r j ,. t i i ^^ j L5^ ^ ^ < A-jJl lr>3t II A_il^JI fTl Z. \ \ 

.V A ^ ^ 




aj i < li^ -ll mj <6^UI F ± 0 ^ 

(jL_i dll j .aJI ft t il ut > ^jLuilJI 

<Lo aJI UjJ ^jjjlJI jl ^^ 11 ^Lilli 


.A_ll^JI ^_C_U ^jLuilil AjLojll-a ^1 


(JaIxII jl) l_i^rJI 

.aJLLlxJI ^LlaII <sJioVI fll biswl j-A 


















_,jaJ ji u^x. gyroscope (ijj Jl 2LL»^Jl) 

.gyroscopic inertia <Jlk»JI ^ ^ IJJSU > lc.j^ 





4-JLbjdl jijX. 

moment of inertia iJLkn ^ 

jJjA-o AJLo^LJLc 


^jLuiU <cLoj1_La] LujLo_5 
ixj J ^-^^5 A— <L-o A >1 

A-S Ljux-o $ I ^«.^l I A 1*1^ 1 ~ \ 

" (■ 

'-‘-“i* '-*J- x -rZJ ■<— O— 0 

mass moment of a i-<n ; t i u. i i 
angular mass i-jjl^l aJiUL; jl inertia 

Jkij dJj£ .aIvsII j.ikill <gV 

<dl£JI £j^L> L> ^A_1 l l~sf A_tajiJ 

: ls-^! I >-S^aJL> SjLt t-$-l j-o_>Jj 

I = / r 2 dm 

<LsLu4^JI tJj-aj r j .a 11 Ui 11 ^JJI .-* 

f-^l ^ LS- 4 m j ‘oUj-^ 1 l> 




















L> u_ujJI JaLjlJI yt) J^sLaJI .laxu^ l^JLaijl *UjI 4_a.l>4 ^Lb Wave 

^J| iLbaj fjA Jaxijj j-i^- <ULaIjl *031 ^jui^ (jjt .<L^aJI 

SjLJI J£_u jl jjj ^aUaJI MaLj 



i n 


■m 
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o x m iVI J Ki .l aaI ^j^ '.III j a .1 II A^\j...i l JjLiVI 


A j i\ ^ - I* oL-^^aJI . ^ 

Jl j-Laa :mechanical waves d_.<_.-.K r n oL^jaJI 

Aajja^JI CjL^._^_aJI :<_a£Laj1<Li_aJI CjL^^_aJI <diol (j-oj I jj II Si'. V 


.water waves s-ALJI oLa.jaJIj .sound waves 

I 4 JLLUI Jl \% j l i A_j^_o .**i i -v ^ j\ £,j 1 c A X > > 1 ^ > /\i | L **) L-^^aJ I 


A. J ^ j t ^ J Xil I sJIj 1 ^ j-J I ^ mfl * ^ L ** * ^ J) ^ A \ ^ ^ I r 


J[ L$_aL^;I 


oLxj-o ^j transverse waves iuD^xi^di cjL-^ji 


.LfJUi:l *L^I ^^Ic. aLk2L jl^LAl ^ 

l - A\ « AJ ^k 1 1 L_i^_> I ^J^ 5vj A \ Hi ,fl| I ^ 1_^ j ^ ^ y 9 *' 

Cj I Jjlj^ . A_^xI 6 L=JaI ^^-Lc LiJJ-^C Ja^ujjJI 


c- 

£}j^H Ji oL*>ji ^12 jlluVi i^j j [1 a ..a 

,6jl-o ol-^.^-oj <A_ i u j \ oL^-j-oj ( A_^_u>L^}-o CjLa .^-o :a_JLl1I 

:A jui CjL^j-aJI . I 

^ijl d±s ^ electromagnetic waves A_.,.. ; u ja <ii oU-^Jl 

^u_jJ jL aJI l- . > < . ^JI (_jI ^1.^l^aJI ^I U.,.. j I Si.*y| I q \*\ a . 

d>t-^^-aJI 6A-A L .jj . >^Q A J ..... Uj (J ^ II : " . I J. A ll I S 1 '. V |_ , 1. 

* j ' I —i j ij ' I J j * S*^l l C.I j _' » S I A ^ j 1 I ^—c j ... 11 s_j_ll_ 3 «_ll 

A >S ^ll^j 

radio s1 m ^Ul ~a< 11 fi.li ^.....u .^ ^^i i .**.1 ^.11 ^ 

micro oL?.^JIj x-rays a _>\j„,II oiiVlj .waves 

Lfio . 41 'i^ . s j .light waves Lo j-aJI oU.. waves 
oU-j-JI .wavelengths Jl^LI 

.Lf-iLa.JA> JI^Jol ^y .> 4_sLuaa I () .■ ■ a'. 


SjLcJI . o 


aii oL ^jau matter waves SaLJI oUja uij_*_s 

(jiI ail j Louis de Broglie ^jja ^a 

L.1.^ ^ ^ J o 1 J UI^ f 1 1 J £ J Loll Cjl—2k ^ ^v ll 

.^ua^JJ ^aJl iiLUJl ^ Lj^ia frequency jj^I 

JjJa 4_JLlll a 4 v.^ll ^j \Cj 

A=2l 

p 

f^*J Pj O-iU ^ hj .Aj^j^JI J^Ja A 





CjL^^aII ^_Lc VLiaa A \\\ aII 

^1 oUk^JI cJjjG .-longitudinal waves 

Cj L^.^aJ Li A 1 x 1 ^ \ Cj I 6 L^Ji I Cj 1 I 1 t q oTit 

L>-° ^-Lkj LoAj2kj_all «^_>jjjX) <(a_ijVjUII jl^ 2 J jUI I 

^_A :A_JjiaJI CjL^^II ^^-Lc aJjLoVI ^_H»I Lh°J -L^jjl^H J-5j-o 

.A-i-jj) II ol-^k^- aII 


A^.1 oLL^aa^Jlj jLajJI ^1 ^oi 

.a^hI^II oU^JI JlSiyi 


. a^.^aJI 



































jljiAVl 

jl^lAVLi sGLi^luiA ^jl (^Jl jt ^ ^AluiAit joi-Ul (^-AXUJ 

j < -v oj-jj-i-Ji ^ <LiL> ^ ui ^ (jx. jixj ^ *< * ^' } .oscillation (^ji^i&^Ji ^jLtu^jji ,$D 


i q ...a’. jjZi ^i ji j^aJi La^aj .periodic motion 4 _»jjj ^ j^j 

^ U J^N J \ I U A a 1*4 < d 4< iM < 4 A II jl^jJbVl 4 tl t^Ul tl^g .4 \ A 4 \ \ A j ( j 

■isy^ iff* ^ 

a u *.ii > n a *saiy* h 


2 I 2 V Q Q I a£ ^ ^1 -g-JI oU J LLj (Jjll-all £>L=^VI ^aJ> 4 j2w^ZSj j-£-° ' 2>jl\ ^a^J! 1 _^.U£. 

equilibrium position J^ cJjiia SjJjJI Si^aJLi .simple harmonic motion 

.AJLaU 2S. A_s_uj J j I 4 J ( ^ w> ^J-a2 Cjl J (^l) 


► 


► 

r 

> 

r 


aUi.ui 4 \ C c l 4 -~w 4_^. I u 


























(J < n(A VLi dJL S^^k VI A In uj^\ U> \ jl j~ ^ 1 ^ 1 U J ^ r \ \ 

J ^^ VI j±\ .damping (U*L^JI J) 

l VI ^Ux a \ £-^jLL1I (^ J-O jl) <JUuu 

o-° 6^ j-l-Jj .A_iiiljJLil a£^J l ^ 

J I ^^-Ic * I < Lkj I j-ik f J, U^y-ai ^ l lV\ 11 J I 

.driven oscillation jLJ> J 




, ',7^-^u T' - **"-* 

^ V ' U * 9 re eo f fr J ^'-U 

eed0 "’^. 

. /■ ^ -Sd_w 

^ V 














































oljLfc .fluid j-jLJLj £.1^1 j* djU ^1 

v; , li; j oljU L$J£ o^»-l <5 ajU oljLxJI tPl^i 

,<ua j.j-11 *Lt^JI J^ 1 j^Li 4*j^uJI 13 "i l auua . 


I o^-* ^4 'j >s (J Cf^ flow JijiJL, I4J <V>LJI 2-i^.UJI dll^ 


oL^jl ^ jcliUI ^ Jj 3 :viscosity i^ui 
J^ajI] <La jLLJI ^Lia L$Jl (^1 ^jLaII 

^ J^L^JI ^ jJUl 6 jj 5 w<r AJ capillarity 

.j^jl j,i 41 ^Tn 1 1 41 v*v q ^1 a_j^l! 1 _^ A_i-ol_juj-d ^jl—o ^j-o *— m ^1 1 ^$l 


5 j^.j ^ jJLJI i±£ :mass density i-OSJi iaLK 

, 3 ^ j £_5ULi (\ ^ 4^ ^j-O 6ul^.lj A_4axil_J_fl 

jU J iJUS ^ specific weight jj^i 

^ j-^^JI Cjjj j-*j ^^JLaII a_xa c£^I O 1 ^ 1 

• 3 f/o c^^iJ ‘ A 

4 Ur..- ^1 ^Jl jjfcj [specific volume 

.^5* j JL» ^juLLjj <^_jLa1I ^-o <il£ S 















pLJI 


^4-° c^^l vr**-^ <i»LuJI ^1^~JI ^1 S_sL^>l 

relative h^J\ iiLSSJI Jl* U SjL, ^jss ^ 
compressibility 4_.u i i-v. VL, density 
j3jUIj vapors pressure jU^JI elasticity 

.surface tension ^u...n 



^^iil ^jL>I &&jH Jll 


LxA* :non Newtonian fluids iuii^ ^ui 
yield value a^LJI <^oaUI ^LjljlJI ^jijdl ^, oj.di 

^j_»U LS J[ dJil Mi ^Jjo^JI j^JI JjxJ jLu-oj 

•^KK>H ^ jdj-JL .\Tij-n La j <a^jJ11 

c^l jJLJI .-ideal plastic fluids idiidi iikjijui ^\^j\ 

Jja-d jLxuoj A^lLJI I I Lh* LS -ld ^-oJI >»jlll <Lii CjJ^ 

velocity gradient a^aL^VI l^Ji jl » fl? n 

.^L^-o jJ £-jLo <GL c_S^jlj 


(■ 

^I^jI 

LS^! ^ » ^Jlj-JI ^Jjil 1 id^^~ 

^ 

<^-11 j-$l><JI ^ :real fluids 

J-^J .A_c-aijko-o jl A_JLc cL»L^ pi ^_uj ,2 jj I i 
jljj^ L &>j t iSjl^JI A-^jj <^i ^Li^jVI j-o £-jIj-<JI 6 >J A 

•*jlj^JI jLjjjl j-® oljLiJI ^ <La.jjlll 
< .'L»^ ~> H Sj>^=JI *—d jjJi :ideal fluids idLiaJi 

.^JUJI jjLJL fj\ A_ii j^LJj 

1^2 j .'j»~i tsl ^aJLIaII *Jlj^JI ^jLii ia.jjlll k_>l_i£. 

-Sjlj^aJI 

u -*j :Newtonian fluids 

Newton's law of viscosity ^UJ ..^- 

6^ sheer stress ^^jlII ^1 ^ 1 f ^•, 11 

'—<^» 11 A^ ^ . 1 1 a A—o . .ml i*tj .*• 11 a *L ■ ol“^ ^ 

t>la> jc.s>j sheer strain 



























M 


s^di pressure lai-JJi u9>4 

* 

U1 . -X11 ~U... I I ^^lc, 4_»jL ajIj iiiliAJI S^iJI Oi^*i 

^jLxoj JKcub 1 jl <Pa J l ^lu LJI (juL&jj P 

I4J jl u* LlaIm .N/m 2 ^1 2_»j^ jIa ^ ji^H 1 

.<>L^jl LgJ JXLjJ 


iajuAJI o'j^ 

. jljLil a o jlj I jl jl j J^-? 

Jlill ^ ^Illll .Ui.AJI Lol .oUUjVI ^ A—ij jL*JI c> ^ LJI 

.j^Jj *L^jl ^ 


^JLufiJI 























• Uli^ oUULijI ^ L^^ i-a.La.jJ *1^1 




-Ui,All 

L5“^" cjjj ^j£. A^LJI SjJLlI A-XA$ 

atmospheric ^Jl i^jJL ^jVl -L...n 

*1*0-^ 6-° J j^- 0-° A -^ ^j .pressure 

.AJalJI dLL_» ^-ijL^JI £jLu_JIj A^Ludl 6J^.j 

LT* ^Luj .UX. -k* <kll A^x jljJI A_^U|j 

•3-j-G-li (j-° ^ 760 jl a_u^29.92 

^Ll j v—u- ^ j .^La_»jVI jlj L aK (^j^JI JaJLJjl u ^qI\" * 
3j^ ojj>a A -^ 

u. jsi ,i^ji 

UJJ Uj^i oLs-Aj^JI ^jsJ A k q \ 1 1 ,s|h 

^ A_t ^ Q ^ \ r> . | 1 3_kl_v^JI ^ All r J ^ 

J^aLLaJI ^ij S >A Las Jil d>L*_ajjdI 

A , ^s o A. \ ^ 11 

^JJ- 1 ^ 1 ^ Sj^-S 5_;_^l ^Jl L ; .aM 

Jj-k>Li_o ^_o JLLIjVLj *Ij^JI A _' .^1 A a A I A 1 ~. -I I 
-Jl la « .Al l JjJaLlo J[ (_yJL*JI Ui . Al l 
6^ ^>4-" JL^UL; ii^aLiJI aiAj LjjAa. 

j f-S— 0 JJ J L-4-1 t _ s —J (_y.lc.VI la » I All j U l \ A 

i ' I L t . nl I (^ujja (J ,<.". ■ ~ 


Lcj^Jl ^ UV_c Bernoulli principle ^^j-. Lc* . 

>4j .JlLJ i^^aJLaJI oLij-^l “Lllp ^Jl Ui.Al Ij a (j -. j »H 
i-C_^l Jjjp (3^ Ji; JlLJI aJIjj ^jj| lai.^JI J ^ 
.<-sLkJI UIaI^ l-u* ac ■ JlL-U i-^UlVI 

Jll^-JI ^ IU Jlj Uu^JI J[ ijU JjI jaxJI ..aa- 

« 6 LjI ^ lal.^JI La Jlc Lc^o ^1 OJaJ Liil Jlji: ^1 

-ic^l (jA lVi- jjjia. ^ l^ j .AjI 


















































4_u3L=JI 


.Ujii ,>I uu*i ^ ja» V tf* 9 ravi, y ^ 


JA3SI ,> Jji yijO 3—! 0*J •«*> ^ ^ J^< 004- *“ 5 J* ^ ! 

J .,?.- 6 i Ji .^1 1 J...-.MI ^ v <g‘V iiuLuo »ji gravitation ^ yjiu 

a . .U. JJiS jfc j*3U ojl-^JI jj*o* <jjSL| Lli^ V ! J^^ 11 0^*i V ^ ■‘ L! 

^ oSIjSJI ^ ^ o^J'j ^'i^ 1 1*4* <j'j ^ liSJLS 

4X ^.a-.^oJI 


.<3_l.iilftiig. 



Jail' 

\ ft j\r _£[ji; SJoSi ^ center of gravity L> <»—aJ jmi j£j- 

jl jiJj jjl iiaiJl aifJ < (* ■ " ■ >" 

center of the .mass i±s£Jl aJjL« <f—e-" C- > ' 3 ‘ 

LLU j-o o' L- f—» 

S '-~^ l ^Lue-^ 1 ^ ^ •(^'W- 11 

.symmetrical objects 


























j L*J I ■ | i <«t i 1 111 « 1 1 
acceleration due to gravity A^jUJl ...-n 

^ >odj jL?JI <u-jLu & jJI dJI ^ ...-II 

O^ Jl >Aj ,g 

A-JAaJj ^jJI ^jLulll (^c. A-ijjLa. ^ juLJI fr^j t -..ti l 

LfJ A j.a £ [ Luajl jJt,J J.l'ttl l AjjjLck 

L^l .(ji^Vl ^|) ^iiJLJI A_„dj jjh J -.-.VI ia^j 

jjlj 111 • l _>-=>jVI (^JaU d-° I I I-Ijlal I aK jljjai jl 10 aI I 
jljJj Cua. 2 \Jj ^ 9.8 J-A (_>-=>jVl Jtlaxu A " a _. a U... j2^ 
,ol * “ 'J-^l <J^dJ ‘ 0 s * ‘ 1 1 Q ' t-ii.i d-“ i_jjiLlLi C^j l ...~l l I ~i a 



.^.wJI u^jVI ^ iajjLaJI Jj| j^OJI ^ <_ujUJI 


4-ojLaJI JL^ 

^ gravitational field (iuajUJi ji) JL^ 

CS-^ '-f-J 0-%-j (jj-ll A_i_j jLJI a_j-i ls _4 (.[ || 

JU^a >_aj>c: ejij iuJ^j o^-ajj .A_kldl dlj ^a 
^ A_L>*^ Ajali A_jjjUJ| 5^5 CL AajjLJI 

.A.Jr>S\ 11 cdlj ^ ^u^JI a_1i£ 


> 1—i ^JixoVl ^ t LujUaX. 4 n ‘i l -v 1 1 \r..t 

.^ukxJI ^ jiLAj ^jVl 


jiLxJI ojLil 11 

AXi) jLJI f Jfi-l <> Jji 

1_1 jLa-lU djjjj 6,>^ ,S_ > aJjl d-o A-^Lij Ja j»... ^1 

(5 1 o 1 ^ Newton's law of universal gravitation ^bdi 

lj-*J F SjJL A_lS£ J j j~J L ni u -^ A l~< J j fu+LZ. 

:A_JLlll Adj^yL; 11 a JXx 

F = G mlm2 
r 2 


OjLj Gj ‘(Jj "' 1-1A 'll I L > ~'l'i < s dfj A_1 jLaJI s ji)| F 

a1s£ ^a m2 j <JjVI I I aJj£ ml j ., . M ~i i 

•j j'^' 1 1 OH AiLy I ^-A r J .yiLiJI f .... r l l 



55 























<Uj.i 




i <uj* ojSj jUIj free fall >=J< ^ ^-h -^ 11 

^Uiji yj^ji c^j ,s*-i <ui.j i>J ? j- -microgravity 

.ijjSLAaJI iujjUJU ot-ijU U Ijl 4j>x«-flJI ixi ±LaJ\ L**- 4 - 3 ^ 


Ul Ik. 


ijjJLuaJI 4-LJ jLaJI JS lui i 
^Vl f 11 "^ 1 >*■ 

e-^JuuLj ^1 4_o>]l L«—ii -sjl^ 1 

2 * j 4 , ^ \ 1 4_i_j jLaJI 


















• J ft» A-iJ jL^JI A_jjl_A 


isjixuJI jxl 

6^ixJI drop facilities aJL*JI jijji ^j^ui . 

6 j-A -J^JI Jaj_LwJI c_fljjJa ^3_liJ J-C.I <.^dl ^ I r 

JaJL ^ ^ij-^Vi * 1 ^ ^j-ci ^ uU-m ^>4 3-ijdi 

3* ^>dl IJ A_j jj-*dJI ^ jJI ^uLua-VI J .1^ LU J a,,. 
CjL^xJI .JJ> A_j jaILo ^ jJI A ^ l ^fcl I I LI 
<J (J AA ^*-II CjL-a_*_o ^j-C JiLi jl ^LqJ I uUjll^ Ji 1 jA.a! I 

.^-jlui-JI 

jl 1 1 ^QjI olJlkJI ^LSuJI tUa I I 

A_dU> 15 J}Lk iiJLkJI ^JjJkJI *1^ jLlJL^V 


L j 1 * JI £ VI j^xu j I j ^ ^ 

Jl 1+IL-jV sounding rockets ^uJl .\.~- 

jLt*i-o <J (jl (Jjj 3-^ O - ^J*^l Jl L$_jjLclj d *Aal l 

^ Lij^ ^ dJjj .^Vl J^ 
jj jl^ 3* L^ji L$JjLU j .j^Uj 

•^^3 Cj IJ CjIjLlu-o 

O^jVl Jj^ ij^ljJI ^LuaiJI oLi£j^JI 

a-hjUJI 3kJ Lo, k k ~i, <. J l a_L»LJI oMiJI jiijLii jd t v 
4-^.L^JI CjX,J dJ jJ <L 5_ilij Sj£. 3-° I w -\'m J A_)jjLu<aJI 

space shuttles L^ L^ai i .-.K ycd i . ji 

3 J3U Jiiu ^^-Ij . J Jal 6 jILLI A_jjJL^aJI A_j_ijLaJ! A_La_a 
^ aJLL> ^ l^Sl .A^ia^aJI i-C^uJL 

^^.lc 4_3 iUal dLa ‘o-^jVI ^Lo 3J cj-^Lj ^LaUjI 

3^31 Ja^> Jl dJ j Jj .^jVl 3 J JLlJI jLu_dl 

J-J Jx*j d Ld^t VI 3 I l—o^ .^ojVl 3 Ji l^a*. da j) a,., jiU > 
3-° c3°J d ^ 1 1 JI - A - j La U I I jJI »** ♦ 1 a t LI 1 a A. \ Vl 
olj A_jjAjuca A_a_a jL^. 4 it t 1J j< i J 



9 


L*iL» aJI£j ,l_s jJJI 6 1 a 3^J oljUdl 

Vomit Comet ^Li^aJI d^dJL U NASA 
25 J!iLk A_jjj_^JI <-a_j jLdl Jx. ^LAkJI jljj ^ujjil 

45 <^jl3-» 6JlkJI Jjl^j A-iLdl 61 a ^r; .id»d 

Jl ^ fd .parabola IaLs j<^i 

.L^jj 45 L>j Ij.) JjJJI 



.c^ji dl^^illl J ujjJ* c _ s -lc- ^LAAJI jl jj jSL 


^jjXj^JI ^Lxj jL^JI oIj-uLj 

i^jUd spherical J^idl ^jji ~ r ~ : -i 
CjLaL^jI Ji La^aj ^ya V Sj I I ^LsdLi CaLjLlIJI — P 

. A_aj I^IojC. 

d^j jJ L a j a 6 JLLJI ^Lujil ^i±SI Jl J_LUI jJLj—3 

.6 J 

SJ J-J-d U_»V ^Lxj^VI u^lukc. <Ljj 4 , 11 A_i_> jLaJl j » —4 

.L^_a1c AJLaLj 






























uzj \ 3 j>ii 


u .w ^ j^JLi <u 4^ (.r^ 1 *3^' 4 - >l ? weight jjs 

a l".< ^ m :W = mg 4 *juaJ U d-ij j**-}3 .ijjjLaJI £jL^J .dJISJI 

a .a j^^aJI jL^aJI 4_»-»jL^ fnn> Jt jjj .<Uj3LaJI ^ ^ "'"''' 9-3 

jl jSa |_$J <<>LajI I 4 J (_>uaJ <Lja 1 uj 4_la£ 


1 3 > lfc ^A>» ^ 5 ^' JLSjVl OJJ <S' S ^~* \ * i<kA - 
.i±> jLaJl &ji o 1 ^ ^ jLJI 



:jj>ll j±*hl\ 

.^VwM <Jl£ Ji* (1 

olij^ SjLu^_> ^ua^JI ^ <4h^ lt* J-^* (^ 

. f. 1 j A 1 ^jJI 

.^Vl obj^b l?H ^ j ->^ 

I .Us~ aJiLs q!)>U»U UL*-U[ Jl 5-sUiVL;j (4 

.— '1 11I ^ 


jjftUaJI jj^JI 

_^UJI oj^U f 1 -^- 11 o'j *^i ^4JI O 0 J - 11 

,jl>Jl ^ U>j j) O^j .apparent weight 

j y ~» JJU^aJI J-ijjl ' «K jljji ijj->" <!>' UiL4 J * ** ^ -° Lf* i "■* ' 

. Ja-Vi Jl ^u^JI oAii^l UK Jljj «^Vi 




















uj>N 


^ weightlessness jj^JI ^ > 

LAjI Jaj-LuJI ^llj| Sj-aLI=JI b±jt> 

3 ! ^ .zero gravity i^jUJL 


4-QSJI 

L 4 JI <j-c < —a_l ~ t s ^ mass iiiUI 

LT^HJ aJJjlIo <SjLJJ 4_JLk*J| 

t 52 yjl ^ 

pLLJI l5 _Lc a_1i£JI j£.Loiij .<_i_i jL^JI j i ^ ^ 

<_ll^JI (jLs I,. \5l A j .Lo 4 _i lc ^3_ikj 3 I ^J| Z1 1 L » I I 
LT^J"^ ^ L_i__i^J IJ ( \ O ^ « *J ^1 4-. J Iu LluVI I jjJ\ f£ \ ^ I 

• ^ ' c ^) I n1 1 jl \ _ Q A y^ ( ^j£, jlajJI jA< > A_aJLLulJ 

(3^ (J^ u j VI j^oj A_jJl_j^xkJ| \ \IjjDI . ^ * J 


jl ^-flLil-oj ^ L-0 ^uCk ^ lr 4 Q t L /J I 



.^^Jl 4-J V 3^ 


<_j j l ~J I 4_ll£ />_lj J^JJ JjljL4» 
(ml)^JLkxJ! aJi^JIj (mG) 




1 

1 





:il£ll<> 

4_-o^ L_fLo .inertial mass <LdLhjUI a r«< n 

^1 .<_JLkxJI <il£JL 4_i^jLk 4_J J_ 2 ^ ^jLull ^ ...^ 1 1 

^jl^lJ 4_Jlk*JI a_^jLLJ1 ^ jlk_> ^jJI jk^JI L$jJ 
c^jJI £jjjl *. 4h^J ^Iul; 3 ^ 

jL^J (jl A_uk_> aLaoVl ^J_c 6 j_UI «■ ft « .A ' jJ[JL_> 

. ^ ut ~y I a_JLLjlJI 4h^Cl l i Q-t. a> 

^Jl :gravitational mass ojLLUI a r*< 

CjVL ^-0 d ^.1 ^d I 4 J ^^ill 4_1J jLsJI 6 jdLlj (j-^ 

a—> jl \ II 4 _li^_» g 4 t > \ l ^ 1 1 
^ 1 (d - ^ ^^ <Ai ^> ^—LlS cj_»L_^ dll jJ 
^^-11 ajLjLUI 4-i.Is.I dJI 4 

4-lJlk_*_j ^-l * *i 1J 4 ^ 0 SjLJI 4 > ^< 

.4_j_Lc 4_,^l l^i rj 1 4 1 t \ 1 I I ^^ 


dUJ aJ pl^l 

■ 4 t (^1^ VI A t >, M "v 1 1 A > Ir 







































.JjLuJI iLal^ Jal <Galu£ c>jL£ lil JjLuj ^ La jkL S^Alii ^A buoyancy 

u I a,.i^ J« ^ d JjLuJI I 4 J ^ 4j»itjJI d^iJI L^iLi LuL}^ 4_}^laJI ^j*J 9 

^ .jauii ^ jJ Archimedes ^jj^ajI 


jxijj a \jl ljuxa 




4 > t* I I ^■v — ^"l^aJI pl_JI 
! _ J ‘« < \a1I jIaaHuJLj 


O j &. Q U> 1 1 _1C LlajuJ 

\ Q jX. JJL.1 pLoJI ^-O 


f- f- 

JX>J1 A ^jl Ij-fA 

p f. * 

,2 val Ull l5 -o1xJI Ijj-JI > 4'ii^ l ^j-o Jjl ^ <jL^ 

j-jiu . J^LJI L>Jj jI^Ia ^jJj giLLJI -^Jl o^lj 

\ jl I ljJ.A*A ^jLS Jjuu (^1 <jL J j ^L ^J<-> 

1 j_A a ^ Jj ^ 2JI JJLuJI Jjj (5jLuj_i 5^-Lj j-LL_j < J-JLuj ^ 

< A_S j aUl l Sj£,\Jj ^_A JaLuilJ 6 j-Aj .^UAAiJI 

j-IJaII JjLuJI <jJj = LjjJiiJI 

jiji]\ Archimedes principle IcL^j fb 

2 a l ~\K * O J~v“> La A-j J) J A-2[ -(3 ^ LiaiII 

jj-JlJI JjLJI a_sLa52 a_luJ a! 1 ^ui=JI 


(V 1 = J ^ 1 ) o|jiJ ij-ML 








































(F) j) qU11 6^.5 

F = — KVg 
jJUJI = K 

N J ^ C jl^JI ^(AJ^kll ^k ^k ^k = V 

(N/kg 9.81) sjjUx^I Lu^jVl a^jUJI = g 


a ijat-i II _ t l ■ ■ • -v 


m(b) Ajilkll ajLaU l w^'ilL 


M(b) = mm (^aJl) x [1-k (jJLJl) K (^=Jl)] 
^ M 4 \ <a \ q—1 1 a_1i<LII = m(^^ll) 

^XUJ^JI AJsI_A^ (JJJL-O = p(^-Lt^kJl) 

U v ^1 ^J»La 1I AjaUf^ (J= p(^_»1—aJI) 
JjJLX> ^yO ^JLaII OJ& J)^Uj IU 




i 

J 


i 

1 

\ 

i 



| 2 a 1 ^ cLH^" 3^4 ^ ^1J <^-xxiJsJI A_fS 1 


4 -xil^Jlj JLSxuLi lj_LA 


a 2 



1 


6^-l» <^> 0«_SJ — 

^4^ 4 JJ 


\ / 

V, 


J J} _ jju ^ U4 .aU oI^jlj Jin: Pascal's principle jUcuU Sj+a 

.£_jLaJI ^Lu^fil ^-A-O^. ^J|j)l_xaILo j 
^ >^l c5jl l $1 £ ’ a <a \k ^ll aj j xx a II aj- 5-11 (jl L? J[ tdJ j 

•C5^l J4ll^ 

P = F/Ai = W/A 2 aJla 3 W = (A 2 /Ai)F 

.a_>LL Loj a_>j_»jjJI <L>jJLL 1I ^_i-j_jl_jl j_j[:oLa^-JcalJI 
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jLa-cVl Jl Jjj-l-JI C^AjH 

.£__j>L*JI U 4 ajI—jj ^ 1 c - 

jJ1_£uuj 1_4 1 J_A_0 >_ ) m ^k S J 

U 4 . All SjL-aj J\ djj 

oU^JI ^ Jjj-^l 

jjl£. a J£.l t*r> A^JS ^31 Ak. j Oj ^k j 

^^iJI Ji-J ^ Ajjl>^ 

. A ^ C U> 1 1 1 j C \ \ I 

OJJ“^ A-J J * 4-11 J ' * *» J 
.^^-aAaJI ^-a^iLlJ ^jjfcLtJI 
































r 

oLxaQjjJ) 

JxLLUl 4 -£j-2l 4-uj| JbH ^xJI <L}jlj-^JI Qi Jdl -HjJI ^ 

^ tu 9 JI tr^- ^h>* ^ oLLLiJJi^ .aerodynamics iui^ji oUaUjjJLj 

>aj ji flow field ^jJi 3 \ oLluxjVI JLa_a Luajl jjlj *I^JI dj_aJ p- j a . 

J^' ^ij 6^Ji oL^QjjJLj l4li ^llj Uj *1^1 ^ ^Lui^kl 

► oliLuuaJJ djjUJI £-}jl^uaJI^ <*Uudl jixl ^1 ^^UxJI Ci^Ua-ll ^ iLjl^JI CjLlaLLjjJI 
dJj^ .JLaisyi Lfc^tiaj ^1 oljLilaJI^ <^JaLujJI ^^-Lfc 1 j \* n j ^2J) SjjliaJI 5 j£JIj -aj^* j 11 

oj*AaJI dj£ <a £ Ium ^jJI ^S^IaJI J±L cilan i^ll <Ujl^Ji CjLuiLLijJI Ja I »"."< 

.jJbLaJI 

. ^iLLi^l ^J| ^1^1 oUaLLjjJI . I oUftlijil ^1^1 

l 13 ^ incompressible flow ^U^il iui v UiVI ^^Jl ^l^ v L,_iVI ju* ^ .. 

! ^tj (jit aJ,L£_* ajl.LS ULii .iiijJI ILkjil j S_,l_>il i+jjj U» .aI L, Lsli^Jlj 

.lik-i 0±*- biol » C^'il V , . 1 _!...’. VI jll oLi-oLijjJI ^ ...a ~ jA. II * j_ft , ,,,.^ , J 

j-<Jl lift jjJUj :subsonic flow ^ Jd . , i ...•■ Vi compressible .am i_j_il js, -. 1 _. i \ ^ » 

y jAt.j A-iliil iUIj ia.jUl iil^l oi-oliil a_u.Ijj A_jJoLiAil V ij-^lj-ft oLj-olijj j aerodynamics 
f. differential equation ii.i a -n JJjLlJI i > w-.... 2 Lui ji .incompressible aerodynamics 

oL^lialLj A 3U"> aI I oVjLsil (Jaj ^ya U... > /.II I j K*„. 




























6^-5 ^Jl ^j-OjAxi AjilJj ^-jLo ^Js ^ > < xi ^v j-aA_j 
^ .jjLJ!J J^JLA A_LXuijJI A^^j2kJI I I ) UJ \ f-l^($- 


C£jLLll 1 T xi \ ~> j .A_j_^Ij_Aj_^L_LjjJ! ij—^ 
A_^.^JjJJI^ ^-wx^J! ^c k*< ^Jx k>* <.All A ^k j 
kk 


6^—S—1 ^ ^ . A 


\r 


\ \. \ A—IX LA_> d-1 I 

lA \ Vi > l <-<\jl u-Sjjlj ^-I-ll 


^jJ SjJ Lj J[ aIj-^JI j ^ ^ j ^x^JI 

.drag 


ijjSLj IjJ £c_jjJI aLkSl A_k Ij_Aj-o Lk J SjJa j_A u ^ < ■«■> 1 lj 

lift £_fij_ll (jl-i k-J^xuJI ^JXJ^SC. ^Jxj .A 1 \ <Ai \l l A^j ^k II Lijl ^-0 
jjuC j-oj ^k «xi -d I ^kiju ^-lc. J-olXj I i^JLl I j-l^sLIc ^j-o 

.^jLUl (^LxuajVI &Lkil ^^-lx a_>jj-a£. I jJ <L-o 



d iUl 4 <X\ S J\ wLijI^JI CjLxaUujJI - o 

A \ ,,,\ 1 1 \ <A_sl_ikJI j.xX (jl A_a_jI j) ^ 11 Cj\ i -oLk jJI Lj 

compressible Lklkkkl Lkkl ^Ukl k^ ^ U*.a 11 
v l J^VI ^ Aj^ aVi Shi^hik aJ>UlUI dJU .flow 

i **'^ i i I 4 c^i-t-» ‘ 1 ^j-^-l I i -> 1 \ i I ^ L 1 X t^i > 1 

^j-^Jlkj-Aj supersonic 3jkj transonic 

.ikljikl oLLwil .hypersonic 

Ax.j-uJI A_jJ-oI ^j_L2k. :gj)iA II A-tj-uj o^jkJI ^j\ \u i t Vl 

Jr \\ j.k l <Lc j-uj ^klS ^lcl jl *y_ik ^_!>jl A_x_ALk 2 I 

* * 

.O ^<^1 1 AXjuai <j-o Lj 1 Jixt >I dLl j 


a >a ! x >vi axjjuJI oVi ^0"* n oi ** ^ i 

^ ^ ’L^ J) 1 ^^ I 3j* 1 >kuxi_>Vl_i dJJ j Cj J) 1 1 AXj-uj ^jX 

A \*\^ II AXj-ouJ I ^ ti 4 h^ > A_ 1 J^X^JI jji AXjuk ! 


:JLk (kkiJI ^ Jj Lak JxUlLj ^Ls 

.ksLokJI jk_J j—o JxLkL} /^i^k A \ J i 1 1 _J \ ~v *i (AiJ ^klkI ^jl 
j* <^>ll ^^-ALIILa ^ki-u«a 3j-^ O j)< - ^>l l (j[ kvj-^ J 

^jjjjI dki jJlkl dil j ^-S Oj-u<aJI AXjjuj A)La jkLo JOX JkLk 

.Lfj Jllk ^jl oLd^k-oJJ <JLjjlu 


2 t~ j.^l l CiLcj-uJI ^^xk H u Lk Vl 

Ax jjxJI ^Lk» (jl jk> I jJ <Ah_p^ju<aJI kj-fl AXjhuJLi Jj=k ^i^ -al 


. A_lj^u^JI Ax^jj-aJ I i^j a Ha i j A_j_> j ^ r^ J I k^_S 

^JLxJI ^jLj-kajVl A_jJj_^aJI jj-fl ‘^Xj_uJI olj JAfl L)-- 0 J 

shock wave a^^ \>^ 11 a ^^ 1.1 < >^ 1 <^>^11 a^^^j 


.oIjUlU dSiUIj C ^UI JcLiUlj 





































► 


oWl 

j jaJiii iaUaJi JjjG j jau j JjLuj^ machines oVVi 

^Ih^u machina ^LjJ£ machine a^-K-Wi ^ki i ^ jLaJi j...wi 
>> i> c 5 ^*-* 4_ijL»^jji machana u.k j* oj-^t 


pL\ I U 4 . A. /< 11 

JJL^j ^ compressors -. 1 u«.a J t 

jLxJI i n i 5JLjJ ^ J *> di*i a ^ ^ j ~-l *c * a 

Pumps oK.^JI L>l .<. ^_y£l ^^LLlVLl 

JjjI .Lfiajj JJaJI Ui. Al *. '•k~,,.~a 

a_a*jl jj — j i U A—a I aII .",1 -k .AaII 

J j-^Luji\ Archimedes' screw 

<_>-L£JI j <ecudtor-jet pump A_>jj_aLiJI 
frUJI -hydraulic ram 

-tuyau £_L> Li^jj ,pump 
.vacuum pump a^L^DI 



. I I aJI j ^ -*>^ 11. ,±j l iI 


oVVl ^Ijil 

.LJUdl oLlill JI oVVl - j\.~- 
.ALk^.ll oVVI • 

. A, j£La > 1 ^ * a \| Li£ I # 
.oLcLuJI • 
.ol^<^ a!1 j «~*1 Ui. a^ 11 • 
.A_jjII CjI # 
. A_>j J I Cj ^ -~v . ^ 1 % 

11 • 

A-j_il \<xj\ VI £*# 
. CL> Lp j jjl^J VI • 
































Ja. 1 J-A -v Jl dl^woll 


<LjjIj-^JI oL^ j^aJ 

oV! ^_ a heat engines oLS^J! 

: v Q ^Jl i ^ l *\ i-o n "i i-o A_j^l^=kJI AjiLLJI 

internal combustion ^ 1 ^IjJI jl^Vl oli^-a 
external ^jUJI jh> 2 ^VI oLS^aj .engines 
oLS^ J ^ .combustion engines 

A- i_II Cj\ _^j^.xill ^—^jlisJI 

^ /\\._\ Q II j A- Ij) i 11 CiL^j^aj Cj lj 

^JLkljJI jl^IL*.VI CjL^j^-a ^ .uijj 


jLjLIjlJI ^ 


d t< i iK iaJI j-aJI 

mechanical a <L>JI oL-S 

oVf ^ components 

A^^ j -ft 6 j r^.1 JiLiulJ \ tS\\ i ^-l[ 
A I I A 1 \ 1 ^ 1 aII ,^j\ X JA II »^-^l 

JJ) J II ^1 A_ a j V1^ .J- oL^aJI^ 

A_CjjuJI A tlr j .pi ~i i^aIIj < ^oj JI j-Ll I j 

< J—II -■ L ~‘C~ 

J-UJ^- UJJ (( JLtjJl Jlj <oL 


M^L^JIj .SjljjJI oL-ilj k ,^\ 
J2> x J.^^ajl^.iJI^ <oljlj lul l^ 



j jixJI 

iXj^wn\ ui j^-i ^ .-.vf ^ turbines oUixJI 

a ch a. a ^l^_iI. w ^5 ^ ^ A_5l_la a£j^lJI *I jaII 

^A \^ l A. il l A C \ * 1 1 ^ 1 A \ 11 ^ a! l^p ^\_xJI A 0 \ * O l * 1 X 11 ^-o 

^ 1 U 1 ?\^Jl 6 jJ ^-O J <A-LaJI A_klcj 



4 Q \ f 


jIjIxJI 

jiU ^ ia~,„~ a^,Aa ^Jh heat pump a^jI^I aViAJI 

(a lAflA. 1A SjI^^. Aj2h.jJ ^ j (_£jl^^. jju^a) j-A 6 jl ^>-aJI 

oll-i-Jaj Jl£\ j-oj -(SjIj-^JI A_JLc ^jl>^ ^>11-?) >=^f (^1 

.d>ljl^iJI a a \a.~. a 11 dLL LcA_jjlj^JI ol ^ <^xil l 






























Ah ' Ml il l oVVl 

H ♦ 

^uia hu: J v oVi simple machines awji oWi 

I j.a ' . u l JJ-i La£ Ah inn II oVVlj _) ^lj dLajl ^ SjH & \ -v' lj Aiij^ A WJI oVVl >U .1*14 

jl "V *V d tnl 4 ^ *U 4 ^L^-iXXLjJI oVVl ^1 j \~tuil jJl£^ Idxojl ^Ij^jlxuLj S^jiLII 

^LH JjJ ) ^"i) La ^ <> i^ h i jl ^1 Jij ^1 djj^aJ Ahjm i II CiV^fl jxLtaj ^ 

■ ^ <<■1 > JI L J_U. a a iU a SjH ^J| aU i...»II 


JjLJI gh..ill . I 

.oVVI ^l^j.1 h ... i) inclined plane J>1 ^ii ~ u ...i i 

Jl-t ^ ^ l~i j 1 1 ^yic A ' j X - a A-^^^lj l _jj Lol I U ,.i II 

. aJ_jI_a]I ^"^JaxuJI <il*\ ^ .n II i s l 1 \ ^Jj 1, ^ ^ ,i."v 

path <_JiJI .slides ^UJ^UIj .ramps ^J^LJI 

^uLu^aJl £_flj (S^^rtJ .TOadS 
6 jL_J^ i >1 <*j^k ^ 1 C. OlJj jJ A aj^LJI 6^—A_ll A \ A K jAa ^ 

■ Aym^ll l ^ 3t lr> j I *^ ^ ~ 1 1 A a 1 .n^ll 


iWjJl oWi £.1^1 

• A_la_ixu_i Cj VI l_A _1C I ^_!aJ I LuI ^ II A *\ ,4. , \^v 

<CjI j^-JIj < O L*-S I jJ I j .A_UUJI j-jia^uJI 6 j-A j 

^ ^ l5 -Aj .jjL^aIIj <CjM^-sJIj .J^aJsLujVI j 

. A \ i 1 1 1 1 \ -v 


.^JjLa j*e kiu aJI 
































-- 

A \y * II . 

JjVI A_liJI {jjo Aji_sIj axle jj)^k.ollj Wh6Gl aJL^jlJI jjlj 

4 ^ < <u » ^-11 JJ jL^»jl aJa*-o 

l..,i \ < \ j \ j^ . 6^J )i^ > * ~^ ^ Luj^ 4 ^ 1—uj_1 VI La^ 5\. i > I 

^ \ \l~> t A >0 a.^ a 1 ^ /\| jikJLujIj AJjJ_II A^J^ A. U^k ^Loj 

1 \~ \^1 Q 1 4 Ixi II 



.A_*_filj <L}l_Laj 0 *&^'1 Jjlj 


<L*iljJI . o 

>. 4c . 1 I a U£ \ s ^c_Ujuj LlAjI lever ajl^IJ l 

jxjj . JJL> JJLu j^J ^ J_c l. $ <a j \ U~ j II SJLII 
.a^IJ l AiioVl ^ see-saw ^JUI 

(J-a_Hij^ .^L^_»^Vl A. Ira £ \ t_jxu-y i a \ $ J| oLX_S JJI *- <<< Q ~ 

* ~ & 

^ 1 1 j jl J^aII J-o o VI JjVI a *4 o II oL-xilj 

l ^ i \ $ a_j_» LjlI I a \ ^ 11 o L*_a 1^ L> I . La^-lc^ a_j J 1^ 
6^"® Jj* JJ I »^jV^jJI CaIj * 1 11 A_J^C^ 

L^Luj-aJ A Lj <<i \ 6^ Pj i~ j J \ II | V vr v, a AJsLuu-a ^ lc 

.AjlsIJ l ^I \ A ~ ,,, I j ic VI A_jLfUI ^\f jjljI 



. A i \ ,■ ■ a A l~v r 




^jAtuVl. j 

•;...• JliJl S_iiiL» 2 u...., 5 jf wedge j_.a-Vi 

^ Jx a aJ 





^iLil j . A_j l ^ A Ji AJLiaaj ^ I <A_JLSj ^ I 

J a£^JI J^JLI VI 

A.l^> La A^^^, w |^ >> 1 -v*i l 

J-A-C. A-AjL 5 Ll 1^ j {jjOjJs (J-AJLJ 

^ J -v ^ < *j a VI jJL^_) 

ajlLLSJI oljjVI J-A-A_2fc. 

^ j I 1 ^ ^ ^ 1 -A \ 


.^JbituVl 



y 


L^Jj A_lf pulley &j£Jl 

cj^vi < _ s —s i——> ,j—o i _i__j—£— s— j 

4 Lr ^-O s^Jl * DLl^j 4 U \,,, t II 

^ Ai^sJJj ‘JJ^A l5 J_c A_i£j_^ 

. J-f^Jl L^J I A-jJ-J L^-iJ^. {jJL J 
^_Lc A_a_LaJlJI 4_LxaVI ,Ju-^_fll l ^ya^ 
jjlJI a_i^j-aJI dLL SjiiJI 
.L^Jla ^LaJI 

ftJ^J 

oJjUl . j 

A_ijjj-Li. ^j_b jl oLj 2 j Axle o^Pxi jj.ac screw ^ill 

(jl j j-ll .—JLlII ^I olfjl> ^-aLlAjj ( aJ i q"L 

A_j_^LoI A^j- 2^ Jl A-aJ>Ijj jJI a£^=JI Jj_^JLaj .A__i_i 

. J JJI LlL^Lul LJS Ajlfyj 













































£ * 

u' jLcujVl (jJJtJ ^utjk.c.Lx<IiVl <L^^a J^ia <uLi La^aA light A^aJI JAJ 

, " » % . ' c > . * 

<uali 3 J±*- i' U 1 ^ * 1 $^ *-^ 3 * Ji^ ^LaJj' if* ^ 


:^ I ' LaJ I x£. jAJJlUI j^AJ tjj <4_lJllL^jVl <LLC-j4JJ^ £ J JjJlJ 


E = hv = he A, 
<U)LbJI I E :Oia 


(6.62517 x 10’ 27 erg.sec) o-}U : h 


jj^ ui : v 

(2.99793 x 10 10 cm/sec) = *>uku AoaLaJVi i*^udi : c 

cL^^aJI JjJa : X 


.L^_> 1 jIj-xJI a^.I j = f 

A -v j a! 1 A v ^ 1 ^ tVI A_C jjuA I A_L^^-o = \/ 

— A 

g-j) 11 a*x,^x-u C ~ j ^ <V = C ^^I^-SlII aJ 1_^. 

2.99 x 10 8 m/s 2 Ujji ajl>U 

^ jy ~iw \ a^LuaJI wavelength _ 3 

1 ~l^c\ | \ 11 ~~ a! | A A 1 1 1 ~ U> c * l_^o [ (jJ ^ J-^. 1 I A_l^ I 

a i 11 ~ ~V ^ 11 if l 11 

J\ J ojjbj polarization oUaiiAuVi.4 

j*» * t_'1 U c ~ VI c . l_A j I ^ 1 AI &L^jI a ^J^l ^ 1 - X —Iaj 1^ 

. O I j A ^ I A_^.^j 


•fi. ^ /^s 11 A ,11 \ 11 £_j^Vl I^ ^ 11 \ C 

i~ , i i ^~c * , '.xj-v *\ ^ /a cl u> n Lj_s ^_a .intensity SjxuJi _ 1 

a cl UII Llj ^_a j .SjiJI ^_c^u <pj-cAJI 
A cl U II 1 t J^JSJjLj ^JLII A J A1—2^ VI A^jjxJIj -^.11 6j^.j 

sJ^U. oljjj jl j\j<Jj^ jjt -.frequency jj^lii . 2 
£—o 1 J ‘ 1 *^ r ( ^ Lc <li >) JJ^IlJI i^uxi 1_HL»^ .JJ ^iJI ^£.S1 A_ljla^ 

:A^^J| J^Ja 

f=^ 

A 




I o 4 A 



AlU ^ Jj I ^jA ^L-o^-aX £• ^ < A1 1 ^Lul \ 

^:LJI ^j^aII Lol incandescence ^j^iJL SjLJI *LaVI 
A_5L1qJI (gjlxu^o .^jl Jj CjLjj^a^JV l laj_^A ^>X 
oA*^s ^1 jl^Jl ^ aj .luminescence ^-^jJI J JJLlJL 

SjjIj a A mI L^JLlIIujI ^Jx o-flj ^1 jjlj ^ VUI I 

((SJJ * , AJ J—^ II -°J II ^>li jl) Sj £ A_Lxll jl j_d I i 

Lr ^_fl fluorescent Sj^laAJI jl^JI LJ .phosphorescent 

.jaiLs 4 q i Usn i ^ * * f. i_!i_jI c. ji i ,^< v~ ^ ~ 1 1 1 s ii*t 



*J ) 'All o ^^i j ‘ A-A A J 4__xj__^ *j_A_ll(l 

.^IjUI ^ JUijVI 

.Lajj^. lc. <-A_>j ) Al l Aj^^aJI _a1xj(2 
£“ LAj- 11 ^ Ua-il ^4-fl jJI ,^uu^k \ *jAJI Ax jjuu CjjlAxi(3 

•*ij^-ll 4-^-° 

.^lAILujuo \n\, LajIj P j) All J C^\j(4 
•4 j) A I I ,A)-o AJLlAxa Uj>JI ot^x^AI <J^la l 4 V*t A. I ^x ^cJLIj^S 

(jl ^1 A-u^LlALoI ^xLj ^1 Lo| <Lo } 4j-AJI ^ \U.v^ t i-v 


.A i*/\x \ 



? .All ~i j i t A i< 

^I 4 j> A11 l ^ <rf^*i 1 \ L L-o£ a_sLL s ^ If & 1^ jJI J/^^v > j t-v 
oljjJI lJjXJJ .£J) A II £C_X1J L^U ^j4fc.l A1,,.>,I 1 (J /N . \ . t 
excited SjUl* oljj L$_»L aALLJI J_A Ja; ^jlJI 
aJUJI SjLLJI oljill <jx, jjL^JI 4 j-AJI JJl-Aj .atoms 

^5 I ^1—iXtxixl olj jJI l ^ l tM I 4 cl U. II 4 t l 0 l*t A. "\ ^ A. \ >ljll 

^ I A_51 In 1 1 A_xq^ J . A \ \X r> 11 iZL) 1^ JJI ■ * .n I j \,^"\ I 

<Cj1^.^a 1I dLL A_x> ^.All CjL^.^^-^I l jl olj jJI 1 

jj jo-^s A* j a_x> j Al l oL^jAl ^IjJI jA 

Ail$ J-O UxiJ^ o-^H^I 6^11 0^ 1^ ! l>-^hI U>I l*i ^J-A 

.^jAJI ^IjJI 























cM 

shadow jiui 
jJxtfXA jA jkjliLII <t j)u~> 11 Ld jXtuJh ^ySjlX -1 l j±A. 
yl\ J3x03.ll (jA ^LxJI ‘l-* 

JiaJI .^^UaJI iijj_'^ ^ rhi i i I I 

jV iaaa opaque <ua£ji ^La^vi 

• djAt j* *jddl £±A1 jkaixJI 

j> m •y il.J j_i.Vl o->L^JI ^ I fc J I t ^ ^ ,u " £3 

Jio JSLuujj jJxaaU 

j_A 1^-jj-uaJI J j 1/i a J I jL£ Ijl 4__1^J 

.^bdt 


^ ^1 ^ umbra JtJI . I 

A^JLoll <4_K J .jJiaJI 

.J^jUlILj LoLoj 6 Ji-a ^ d3 JtixuJI Jj-o ^uxS 

.jkJI penumbra JJkJI - 

j(j.ixJI (3-a *juA]l ^ 

.4_is J_A —X—II J x_j 1—o 

1 o ^ ,i^. \ ^ in \ ^J > 11** II ^ii ljlsI^JI ^ « xi l 1 

.partial eclipse Lr>^ 


2 o U \ a 1 1 4*jl :Jja1I 1 * K a * \ 11a 11 k i-j 

j) <.All j ji jAij \ <3 j e i^j ^w j ^ 2.W 

2 j'j y <Lc a jJt ^JaIIoJI J dll j ^j-o 

.JtJI ^ subset 
* * * 

■_wA ^x.Jj jJJcJI ^yQ oll_J ^-cui ULl^J <jl 

^o ^ ^1 1 « u \ A n ^j .antumbra Jkll 
jj ^ ^ l l ^ UK 3^UJI 

6. C.Us*i A <^\JI ^ Jt^t^ll ^J-KI ' > J| ^ ^ * 0 }^j 

^1 l 3^UJI ^Vtxi^V 11 ^jJfcUkll ^^sJl UJ ^ jAj (JKII dx-a 

fg. ^, ds 11 jLxxaJI 



d a r. ^ A II JiaJI ^IjjV ^ALAjj 


JiaJI 

> r ^ i i ; j ; .< i i .1 ... ? Vi dL; t .- - V ,^Lu.- > Vl (j-t i^LUl J^LkJI 

JJkJ I (JiaJI * J * A (.(ft > (Aj^l—o*JI 



























CJ-O-M A_jjLo JJ Aj 


Jl £-a J^' JLijjl 

oW- 1 ^' ^-U 3 J^JL* JJ=JI £-ij-aj J^Ja J^~...j 

^5"^- 1-ijlj^l Sj^UaJI 6J-A C>J£.Luj 

.sundial (L^rJI inLJl) SJjjdl : 

^JJaJI J^Ja A_u^aLk AJ jJ-dl Cj-o J^JLujI jij 

JJi £--o J^al_j AAj£J ^jVI ^JLUll 

I jJ -(0) ou A . r JI ^ L q ~\j I ^L-a_jJI 

jJ ^ 1 ^ \ \ — ft j % d 1^ I L_^ 

^1 cu IS 9 .‘a_J_jj_U 

| » 9 0-> Id Sjj ^ In 11 Jl\c,^ j fl/^s \ | 

LoLaj A-jJj-oX. (^-i ^ rj I (J^S^S ^j-ia. 4-^.j J 90 

SjILiLa-o (JiaJI (jL^ 1 ^ wr J 

•f\>±ll MdL-o 


a ^ VL ! ^ 

^ Aa>~ J# f Ui*JI ^ U( 

•opaque w£ .quh 

^1 f* - II 


LT^ ^ ^ I q!a.~ 4*\ J~ A A_J^c. 


JlaJI JLiljl it jjlu 

jJo^O Jl f-JuAil 3-i_X-JI ^Ui^jl £y> iiLu^JI OJId Ijl 
LT^ ^->d Xk> ^iXi> I I (jJ.^ I m.Q S j> % < 

. ^ Ai ^l l Adj^. J^° L>-° (Jd£j_i ^LLa dj^JLcdl 

^<XJ 1 I ChH A_41 —uj_^xS I Cj-*ld I jl Ad^dl^ ^ 1 1 5 jl—»J)JI ^-oILxlJ^ 

jJaxo ^-Lc - U< -u i\ ftl I (JJaJlj •<—>J^I A1 1 jJjuts^o J 3ajl^oJI 

U±i ^j£. CjLoj_U_o 4-j I ^iaJLJ ^1 A_aSLoj V A j * X 2 a l ... ^ 

^ Jal_L» il a_JxA iiMc V aAI dJj ., y)‘“ j a 'j.k 

MiwjA jl LulisAl l^AI jjc. JliJI 


A j \ j m i I I A_3lZL»VLj 


























II . L$"il ^ 


Lxd 


a 1 1 1 > \ ^ ^ 11 


^■,,_.u u aH ^I^JI oiji^iAt ^ .electromagnetic spectrum 

3 \ aIaj ^jJt ^Jl ^j>ut 4^1 J^J' 6^} u «-^k9 -^k^'i 

a a l U 11 1 * i*t a.. 11 I djj *Lu2uLaj 

,<U ^oLcoaVIj aGjjj ^1 6^ 0* <1 ^ AJ ' 


.wavelength a^JI ^ a oLcL*_L)fl 

JLa^a jIajj t QiUl l A_*JS^L*iJ A-^J-o J^la 

32 ._>a >~=> ^1 jj>* io 23 ^ £'-*■“?’ 

*> ^ * 

a j 1 \ V Lo ^J[ ^uuj 10 13 (3-° c>L^.^a1I JI^JoV Liflj jl (\-ljjAj 

A_3LjujI^ A \ \1 1 AjuL VI l—lILoJ I JJ^HJI I 


^^aII pjj-AJIj A ...a\ til jA_xiu^lj A mjm j. 1I A_s_LVI j Lolx. 
| jj .A_i1LLuj *^UI Cj \ ^ I^ Aj^u-aJI A^sJliVl^ A-I C . t^ * A_aJl»Vl^ 
^ 1 4 U^.i A jmiaLj4$J1 AaJlVI J^ 3 ^-M 3 u^ 

Sjlj^JI a U^lj-> oL^^-^ll J ^r *i .J->L*"j-ll cl^° 


^ < t« \ j ^ ^ 1 1 ■ A 11 o I 

2 i... oL^- ^-dl L5^ a j . .u j lal \X xJI 6^-SJI 6 L^j|(1 

. A^.j-JI dlj-^ &Li^l ^Jj-qX. 

2 _,..._,U j (j < II oU.j-*ll *>> ^ aj-LlI al^il(2 

e A_a.^ A 1 1 A ~s- A t < i < \ L~> \ \ ^ <ftl I 6 ^ 1 1 61 ^ I ^ I ^ (_A ^ 

A_ljL>jO<H 6j_aJI LojIj ^jLuj A, \ ,,I \U\ xa1I 6^UI 

A \,ii \ .~ i I 

(j^> a j^lIulj a I ..iL^ J-a a j , ^ _' kj $ 5L1I oU?.j-AI ^-aJl^(4 


^ •■■ q VII [] ~* a V .ol—i-fl aa. I <3 1 c ^ oL^^-AI 

. J _l > . Ja 


oL 




Jl 


^u(5 


Lj'iUJI 1 Y 


^LjLujVI 
A^j^JI J^Jo C5^"^ 


-xvvvvwiwiiii 




.VI, 




■A, >n 3j-^ 


uu 


A_=k.^JI J^taJ 


III 






4 > \ ti 




Cjliulji 6jj| (julj A.ikJI 


oljj (5>» 

I_ 


AA^UI 


a....^ v II 6^1^^. 

A^i Uj^i 
6jiul ^jic. ^LxiuVl 
A_2a.j*dl J^= <j-o 


10 8 


10 12 


io 15 io 16 


10 18 


IO 20 



100 K 10,000 K 

-173 °C 9,727 °C 


10,000,000 K 
-10,000,000 °C 




A_ \ ,u \ 


^ ^ ii 


A_ij_i j_ IaII ol- 

4 11 -v A I I A- t u ^l l 

ij l n-- -. VI L^»_;I^JI 


^ jLojj ol^^-® 

2 t... tU Jij All ol-^. j-aJI CjI llajj 
_ ^ a l*> /\l | 


■ H. 



















































1 1 11 Little I j ? j-u1j 

LgJL^a *\jji\j ^ L>Vljpb oLijjiUVI ^ JuJu ^db Lo£ .IgJjp. L^Ulibo VL^ ol^pSJVI a£^ jUi 

^ji ci> j-^j .^jjLi'iJi jUiJi l>-° ji oijjJi i j[ <ji jiii ^j-o ^j^-ii i tjS-ojj .Lu^aL i bu v<~, ^ i j^ <iij 

.b_J j-» JAA olbj^lliyi (Jx^AJ jJ^A Lao CjIj jJI ^ Ijl ^>A_aI dll j t_jA-cuAJ <6 jLoJI <11 ^J| ,~_ t ^. Ijj ^..< L^-o 

6jlfAll oljJI iiLL Jja_o ^Uaj caLcLsJ^I JlkJI ^ L5 _ld lj ^ a^jj I4J ^1 jl^JI « ^ 

• 6 jL^ ^J J 6j ^J f -0 £b*-bVI Laa jIj^a Ij^aj l$blcL*iJ jlLd c*ljjJI 5jl^pJI 



.a_iaUI ^l>VI ^ ^jibLxJ Lr ^i 
J'- L * » J — 0 Jj—la j—*—1 o! L A—at LV (7 

l>-° i^-*J ‘i j. ' “J^ j-f^-ll 1 —aAaJI ^yi 10.000.000/1 _j 
o}Lc.LLdl ^j£. ^Ilj (j-*j .IjjjA <*i/?l jii£l 

.JjjjJI JjLiUIj 

lijj^ 1 ui-^— 11 Jj-i 

*Ll,SJ JIaJI > j ^wa 11 Sj^i-O 

JUiVl ^-l.£- djJb 

j<L\ > ni 4 1 1 II 

yjUl 
AJLuj Vl 


: d a I *4 A d 4 < <l tU < L *\ [ A j A 

^I^A^Aa^yj A_1 aI_S A j i xj j A_^.^o jJ^Jal J^Ls 1 * > ^1 

<{& 1 -5 ,^1^. 

(_yS ~i , <i ! j Ij » |~V~. 11 oLi j-aJI jb (2 

. ^ l * I n 1 1 I n j Cj V Lu^*i VI 

cl)-^ ^ $ J I f J-^a-^A ^JLlI I I g-lj.A^kll a 9 n.Vl (3 

Cja^a oU.^6 6jL^JI £_aaLl^aJI 

•iSj 1 

^axJIa L$-Iajj L5 -lJI oLc l x.tuy I (4 

Oj^j • <4 ^HA_AAj_u<aJI CjIaa.^aJI 

.^ULU 1 000y 1 ■ ^ - 1"V 

3j-S A_XlllVl A ^I XJ Am i J I 3jjaJ| >^11 Ail ^1 A A TaI V I (5 

black j^uiVI Jl a a \ ^ ii 

•L^>» fLiVl Ja^J light 

Ijj ,^ , ^ -->1 1 jjx. jLkiJI ^yk SjaUI <j'm,.iII <jkSu (6 




































o* 6* a* <t > u ®- 1 ' J '‘ A -*j' djjfeUs 

j?. \j.x i i 2 «». ^aii 2^ i^w a. i ^~> i ^ j ''*"* ^Lj i t »j)iaJI (jxii^xji .reflection of licjht 

,<Ufc jJJ^=> J.jJI Jaxu^ll ^yJI (>U$ ^ 


^JaLill Ka.I Ij La i ...I I £. IxiJI ^f±j <cLoLoJI 4-jjljJI LS -C--'j 
2 i.^i -a ii .angle of incidence Jo^i*JI s>jl> 

angle of ^uLSjlVI i_>jlj-> ^UiJlj ^lill JoiJi ^ 

<jl JjVl ^lill .reflection 

^. r l ^ . > VI I 1 " * ^ all Jo^p ft hj II . ^1—^ ^KxJl 

< \ s\ I ^ La.^iJ I j ia-s LuJ I ^ \ J ^ ^ ^ u^ - * ^ V ~ J 

^_Lc J\) ^j.A.A^ll 6J^U ^JiLJI JcLiJIj 

| i^l^ £c_la-uj 


(^uLSjljVI 

* 

t \ I j a 11 j^aJLJ L-o ^c_La-uu ^j£. A_faul > 1 ^Lljl frj ) i - A -H ^ 1 

^Ja^dl ^LsiJI .(joLlaJlVI Jxil^S 

.(I) incident ray .ksLJI £_l*JJL> c*>-iia]l 

La L... ^ I r a^a-oJI Jo j) I Cj J I JJoijJI ^C.S2j 

J-^JIj .(R) Uj-ajj point of incidence J=j^iuJI ikiia 
;ua-. ^ Ljjj^x J^Jl j-* normal line ^LJl 

L »l -■■ II ^L n . rJ I Jjjj i_jjljJI ^ mi _' j-Aj <Joj_s_uJI 

.reflected ray 0 o^»'.Ji 


























Idiffuse reflection ^nui 0 ..k. - t yi 

(jr.ninil jI) j~ii \oil ^j..l~'Vi 
ij ^ " i i .la j) jm I I A x ui VI *" V .^ 

U*bj <^ > ia-fll—<xJI ^.< < * > j >i \ a! 1 1 ^ < \ VI 

cfll j u -j )< *j .6JJa*-oj AJj^. 1j A-jjlj Vj_i 6J->J-C 

o ^-LiJjJI ^1 x_llJI c^ l ^ ~ ^ I 

(^-»I X 1 t V1 flrk JJ .Ja_sLuJI X fl 4 .ll ^JLLi_> ^ jJI * 11 

A_j^_LoJI ^lVI ^_i vn, \ j~\"\\ a! I 
*s~\\ I J 1— LLua J J , X a J_j J_cv3j (Cj L^.^a1 I J^Jo l -o I 




^LSjLiVl 

^■la iju A_x_i 1 In ^_lg. IjLoJLcI 

^^ —>— jl ^jL__s < 1 _o__i_JI 

uj ^ J 6 1 U——^1 


.^,LJ| ^Jaxu ^-X-ijJb Ui j ^jI^a 


jl 

^Ij^JI jajI-£■■ X Wl 

Lla :specular reflection 

<++L 

<=■ ) < A 11 \\ ^ .6 | j-aJI 

J 1 <n o A In ^ \ j^j—c ^jlJL!l 
.J^lj fcLskUl I6j 

^Jx. l *\* * VI I J_A Jj 
<_l£L^J| ,JJ1 ^ U „, V1 
j _aIjI .Sl^JI jl *LJl_ $ 


4_Jkfl -U <a,.u^ ^ jl J~\C 1 ^uLSajI 

aL^I k_^xLj . q Uu i l l ^x. jl^ILo > ^jJZxVi j <A_jjl^ILo A_s_iul 

f■ * •» > 

Jiiu La^-o Ijj j j^UluJI 

A_ua^_> 61- ^ . > VI I^-gJ I ^uL^JLjVI A Ufl < , \ \ c .s ^ \ A i 1 

^c_lajxJl_i \ \ A_3k^-oll cl)^ lj-1 


.<A* .UI^aII 


. ji y a j-A 4 jlujI jQlil 


































jLu£jl 


a# 

f .AII jl ,..<M i dL^jl 1 ) m ia ^Jl Joluj (j-a jAJ frl t^ .jl ^j-C-JJ 

lamj jjjj <lLc^xu jS j^Lii i_j «*“« ^jn jl < u fii .ii .refraction of licjht 

•Jal Joujji ^Jj itiljS ji£\ kjutj (jA JaHj jl£ 131 fJsLUl la-iJI oLaJLi J JLA ijll *£ua_ll jlui^jl 

J «*«... /j ^ ‘il & — j ■ r. <■ ^ u» »■»i^ ll jLuaSL-jl J_aL > a ^j—Lt jl W l kJL_ui 3 _£l j—A—i—*— j _5 

.jLa^jVi oiULxi ^ Snell's law 


y^l ...< Wl JaIjui La 

iiuii refractive index J ,>l*_o 

Jsu-jJI ^ ^1 £ 1^1 ^ 4 -C.j^ 

^jl A aJ>Lj 1 -Ajl 

jLuj^_)I (J-oLx-o ^La I jJ ^ <x> ^5 o -0 

A_c ^jxi ^Jl V £■ j.^ 1 1 A_c .^_uj A \<*i> ^_A PI Jq-uj^ 
A 4 t, ^-s U t A_LjjLaj -C Js^juujJI 

:A_JLlll 



Vp 



pLJI uf JI pl^JI <ja p^uaJI JaIIj ^ 

t*s \ I I c . t < n \ I I i i^ l A.J^I ^-4 1 4 4 *jL£ 

jJU-oi OjLui^jl 4 -ijlj 1 A»u <^IsLUI 

.*1^4-11 ^Jl ^LaJI JiLLil jJ 1 a ifr 



jjLuiS^I 

jj* 3k l>uLS 

Ijl Lai .MjLa jjjlJI 
Ma ^j^aX Jfkuj-; 
a "jJ1 jLui^jl oj 
















1 ^ 


J ^\ 




jLxi^iVl ^ 1 ^ 

1 J^ <>u ^ * VI j-xj l^_S I i^ 11 j 1 "«^ »I t 

^ < ^ > 1 1 ^Lcu^_»l uJ^J . c j.Ysi 1 g. 1 1 ^ \ I ^ C 

^XJ jjJi ‘-^^ 


£j)<A II jLuAjl 



y 


J^buJI 
<LlaLoJ>VI <Lt jauJI 

ni 

Vl ^<e^ 

^Y 1 

| ^JflLUl JaoJI 

" 2 

v 2 

0 

3 .^HJI jLu^jVI JjJili ^-xaj JUl 

i 

3 

% 


d> 1 _CujJ_! ^_ijJ J 1 —X - O ^ L \ V 1 ^ Q ./. i | ^ ~ Ijj 

^_ja^j \ jl t ^k^ jJI yS. ^ g-J-cA 11 <_XjfcL^ Vl 

.jLtu^jVI o^LoL*_o 

Sin 6i _ Vi _ n 2 
Sin 02 V 2 ni 


JaIuj jj^LS 

^*x»LujVI ^j^_>l_Lll ^_a Snell s lew (J^ **-■• ^^jLS 

A-5 ^LxJ I (J -XA< -u L3 .j Li^/s \ VI l_3L-0 > 

I j_A i j j .jl—i-u ^ t VI Ljljjj Jo j_JLaJI 1 jl jj 

jLaiI^VI A-^jljj -laj -ft ‘ * H ^jlj (jl <j 5 -^ 


* 

(jl 1-llAOJJ . 1 *><a>jJI 


(J 


LlxjLj 


0 



































\j ia * \\ JjL-u 3JIj qLj t/vUI 

SjL&JI ^ lei 4 jj j-jjO-j J.jjt jv-L-*_ll ,^-A optics oLjj uSl ± Jt 

Sbi ^ optica! instrument iaj^di 3 _Ulu$ji^ .^iLcuisi ^ ^aj Vi .a J i 

JiK~n y ‘Sj^uo ibjj j 1 4_b^AJI <La,^aJI d ^1 1 * a; Lai 11 S^a-aJI ^l^aJI 


► 



a 1 ~<I ij >a II pLiji/i t II 

jl physical L^Lr^l ol^^a-JI 
^1 ^ wave optics j-*JI oLju^Jl) 

4 v ^ ^_x, A $ \ ^ ^—1— C A_» fllj A U $ \ J-£ 

^,1 jU^.i ^ ojiJ-o wavefront 

Lu-o ^ LLai^l j_j disturbance 
1 ,a A .Huygen's principle 

Lojir. manifestation ^1 
cjL»I^.-^ 1 3^1 jl 

.A_lj j I I A_^j-JI (Jj^ln.j 

J^'jUIj v_>^ljUI 

J^.C J UVI > >l \ c. Ij )a\\ IJ.-A ^ 

j > > > 1 1 ^ J | -a 1 1 1^ U « >*n I A_S I »^ 1_) A j lr"> ^ 11 

.iicUiJI waveforms oUJLU lLj 
oL^^aII Cs*- ^j^ill ^c-uj 

, * \ aU.^ i 6 a^jj .interference J^IjiJL 
6 J—$ 1 (jl—£ 13[ ol ^>^11 O^J—^b c£j- 

A ,,/q\ JJ^lJ|^ ^-aJI .J^Jo O 


. ^ 1 I i) 1 "V 1 \__) r < ~V V 1 I 1 ^ ^ -ft * c_S UI 




















11 a J I 

fsU j-a microscope ( VJ) < -.^<.11 ^i) J ar .n 
.converging lenses j :j a» 

JA \ *\ C _ 5 _l_c Jl ^ 




6 Jl -> ,J tXJ 11 1_ 


^y^AJ lj_J ^ r>l 1 
-j-q- aJ 1 ~> L l£ 






_4^< M! \\ H 

r^ 

telescope (^s^Ji jl) 

.6. 4 - i- X \ 1 1 ^i "«^ VI 4_»^ J 

h-° » ■> J) ^ Mil 11 (, fi_] 1_L_)J 

JjVl A^jxJI £_U-tCS_J < j > tin \f 
4-U jJLc 4_jjJ_Loj a j V 4 , .Njj , ^ 

^*Lh <^1 dJ jJ xLfJ jJj 

<a_jj_LLo ^_j t 

4_nL 1 niJI ^ dJ j 

.JSSJI 


, . yC.-hl l 



f- * 

Jj-^ 0 ~ jl *> a ~il~ L$J>Li Lo UIU j_dl l h \ \ j 

k ^ ^ ^ ts*i Cj 1—^ 1— 1x4*1 11 t y <.« * l_A-a i3“* ^ 1 I i S 11 j 

£ IJ-*—> Vl jl Jj_pJl —j £j_AI_U II 6 j_A ^ f J_Jj A J * 4 . ^ 

A^.j-dl Jin: j^x-JI U n^L .diffraction 

jL«£J CJ Xo 3t_0 j U ... j J>f <_LJ^u<aJI 



. pim ^c-l n tu ^_Lc. ^ua/uJ I A. x.uj 1 j) > i 1 1 ^jLc. . ' t 


a, 1 iji A II d M t",,. Vl 

A_uj J^JL^ A-jjl_^.Vl d>L:i^S.dl ^jlj^JI J^juaj 

L$-l[ ^di l . Lj L-ol_la_J J J-l^xxxlJI 

* ' I uiAj ^Lll AA.1 \ 11 ^ 1 U \ 1 1 | j_4 4 ^ ^1 ... A 


optical 


-^hj- 


.nL^VI 


^ A 1 —uu 1 > » * I ^ ^ c 


i:Lxnx,VI IU .^j-xn^Jl a_^ jj jl resolution 

JJ-^dl Je-^dLl ^-LAjJ Sjdill LfJil LijjnJI 

■C5^J-^dl ^Uadll ^ 
jlx \~\ IIJ cdniJI 

phase 4-^j_dl jj-La 4_^j_^u jLm_d 
dispersion cnimlL L^jj velocity of a wave 

J- 4 *^^ '—> J *.. ^ I^J I ‘ ** * *"«* ^ I 4_LjLo I J • Q 1^ 


j_i 4.. S 1 \ o I^J I ^ a j VI p -ji 11 1 ^ 

c> c^l J*^ sj^LU scattering J^y\ \ 

^ ^ ^ * * I ^ X I ^ \ ^ \ M i d I L_Aj l xxlO L ^ * * d> 1 ^ I 
^_i!I cjLxillxjVI jjj .4_i_fi ^jsJI U,,. jll 

^-i£, o 1 —uj L 5C % < VI Lol ( 6^-a. : 1 a 1 1 o 1—fco L^ > > V L> J ^ a ~ 1 j 

.<_jj|^J| oLu<L 5^ > \ VLa :jL3L_ndl 


ijj-uAjJI SljVl 

^ optical instrument i^^ji sljVI ^ ^ ...\ 

Jx^LilJLi ^ i xi ^l l 4_»jj ^ 

*j - 4 ; 1—a— a j-4_dlj 4 q j o \ ii 


. .. I V 11 J 







































Ljl j-aJIj oLxuoxJI 

j.|A.r, H ouilV ^.AUAJ o'j ixu^A ^aLiJj *-ij^-! lenS ixu.ixJI 

- f. (■ 

jju-oi 3 I jl CjLxuJaU dJ jJ .d^ui£ ,$1 JSj ,ja J * "') 1 J* U* 

I ^ aLaI 2^^ju£>yJ\ *LixuMJ 

dij-dl .^^jUVl ^1 l^ J^ta xo A*.l tr lla49 ^^>1' (> ITlirrOr Sijudl 


^ujL^xjl J^Ljui olj ^1 <n >' ypA LjIjaII jt dJjJ -1 3 jfl Qjj^a ^L^xjI jl I ' ,<: * A i ,3 

j fl JxJ I j^Jx. Ldj^Ji Lai .1^1^. £3I>1I J 4 J 1 JI ^jJx cjLuj jxJI .JaVl ^^-lx 

.L^aLaI 


& jt SaJI yjLuJ jxJI 

jclxcu I 4 J oLj£ ^ concave lenses 5 I ol^d*JI 
diverging lens s j*-x* jx ^ j . Jixl Jl JS^I ^ 

IJJU jjl 6j-*JLdl <Lu J-*-JIj .LAj-IX. OJ^i^»l ^J^-II 

A_xjj-lAJ <L*Jii VI j-ajj . 1 ) > I' ( j ^5"^ 

6 j^_iJI ^ Uq\ ^_Cjj A i~> > ^j-O CX-oJ-S L$->L£ < A_xoJ J_xJ I ^.xC 

^j3> ^I a $ 1 ,«.aI I ^xxi^ .a_jujja II >, 41 ^ focal point 

jj lIj jIj LaKj .focal length ^jj-JI J^1=JL> a-^j^JIj <l^hjJI 

. 6 ji diul A-uu JJlJI X^alj ^ L^-jJa c^JJ-dl J^JI ^lj A-^AxJI 



3 JJL-XA AujjJX 



jJLAjJI A_xjLIj 


4-j jJLa A-uj jX 



oJ-xl!l tLxjQj 


■*>^j Aau AC 


2 ij-\<ll ^LujjjlJI 

j^.Ij ~u... l$J ^ convex lenses JLi^Jl oL-jjJI 

oLjt ^ oLoAxJIj .^jLiJI ^aJ> 0 W'J Js^l ^j- 1 *- 

L.JI_^iJl Uil ^^ J^: converging lenses 

^ L* 3 ^j^> ^ ij^AI i^i 

<A^kJI ixiVl , ^ £ - 

2 ... '■« II 2 a l .../'l l jj j . 2_1 J aJ I A_UJ jxil 4-ijjdl A t- i V'I L> 
.(^j^jJI AjaiJl) 2 _»AVl aJ^Lij 

.optical center 2 ^jaU ^ja^JI 3 SI^JL l^a*JI J^j^> 

---< 3 ~ 





























Cy*J cJjUalll oLjjdl Cj-ojikJLul 


oLujjjUI jJ^LujI 

^JJ (^ 5 -L dhi^^ Li L 1 ^ * 7^ J i-AA <JL> Lu SC. ^ 1 c \ \\ \c | ^ *v*i 

L-° c^LJI (3^-olJ cJjLLJI ^_a cjLujjjJI ^ jLJLLIj ,^L_iu VI 
Li^ji jl A_iLa-o A_xiljJI ^UlVI ijjj 

.jj^cJI JaLalJV \ I I cJ^>A-aL$ ^Js oLuJjJI ^jiLLLS 

.oL^j^aJI ^-Lc 6. * aJ I ^j^kVI \ 11 JJLujjJI j 

‘^1 ^'-^>- l, j <>4^1$ J ,jLk_UI 

f4^FH ^ JlLujJI ^LUI 

* S' 

•L ^j l oLujd*JI \^^mj -UM«x4.a!I l^II.X j 

Lj I ^ I j ^ ** < < * I 

1> Cy^^j <L \ ,u\ \ \ ^jL Ljl j-JI Li * J * ^ ~ 

^ } ^ 1 * _ ] I Cj I J. X /vl 1 LjI^aJI ^ \ A. ~ ,,,,~ l s U \ *\ . La_a_JLa__A 
LI^aJI ^DL£j .cJ^_*LLII j jJ_dJIj j< .,.1 ~11 < 
•L^ij^jJI oLjlll ^juyii 


3 jjdLJI Sfj^JI 

concave mirror sj-*-LJI sfj-JLI ^LaJI ^J^JI 

^ SjaJLJI LIj^oJI ^ w ~..."^ .(JjkljJI 

*1^ c^H ^L^l .i^JI aJo-LJI ^ JiJ Jl J[ *j^J| 

SIj-a]I j-*-L jIj L ^K j ^j^JI J^kJL <_jjj_JI 4 U a \ 1 1 j 

.^lkc.\ La^a_i£_> ^1£j ‘C£jJ4^ LfJ^Ja 



.L SjA-LJI LI^Jl A_jjjJI *■ Q_>< ^... J 


Lj j.^Jl Sjj^Jl 

S^L-o sfj-c ^ convex mirror 4_> J i sf^ji 

L^-? A_J_xa^a Laa ^jLJI La j_^JI Sij-aJJ ^uSlLaJI 

A—i J^aJI LjI J*i\ J J 4 ^ ,,.1 1 

< 4 t \ n j I LsJlVI jji^j LjJaxLI SIj-aJJ Ljj^jJI 4 L a \ 1 1 

Sjjo^I jLlaI ciu^Ll ^j^JI J^kJI ^ LJSj 




?^v-Lu 


plane mirrors i^jLuJI L.1^41 



jl SjiLLaJI Ljljdl <^j£- 

0^X1 L^.1 ^ 

jl SJj^> jl 4_A^o _>AtJ SJiLw 
L^Lol ^ 


JJ 




























* 

.11 £(ju£.?i ibUujj n.iS c yit i" SjLixJ jLuaiikVi y> laser j>ui 

i.....i. jC < i f i . . r. i iUii Light Amplification by Stimulated Radiation 

* <* e 

.stimulated emission ^h ^ 4 ,4 >-* i 1 


j 4. holography ^» jj^uaUi i-dL ^ i> < » * ^ holograms <uIoaaJI 


^ ...o'. £i^AJi ^k jl£ >1 US (<uj!Ain djLxjL) jLxj ^ d- 4 ^ 1I ‘~ I< 4 1 1 

LblLd d rta.>AJ) jl (> VjJ IJ&Aj 4 lj> <u 4 & LhP“ J -O 1 * 1 " 11 1 l* 1 *' *** ^ 

.4.11 jLx-j ipJLxA VL^a y<A i ^ 



^LiJI 

^ ^l J>ill ^ gas laser ^jUJl j^ill 

jL_$_j oljL-sJI j! ^ i ^1' ^ * ,aj I 

^jLiJI j^-JJ .pj^kU 

j3^j : J^° 

(_£jLiJI o-° Jj^ o^J -o^j^ SjjLL 

^ Ali Javan ^LiU* ^ ^Lh# 1 

j J v 1 1 1 J * i J <1 960 A_Ll*J \— J) U ujJ-HljL^uLo 

2 j \ 1 . ^s“ Q lJ A Ja£.J i JjLs j jj-L^ cJ-° 


^ j ^ \ a" a \ i*i ^L sljuj ^-A laser beam ^Lxxu 

J v C A_iJ A_xiul Q i~> ^^-iJI A J) t A ll jjl u fi A ^jL. 

t 2j-ojU A_j_xxilJL_j \_AjjJo oLa jSl ^ A *\ 1 XJ l ^ i -^a 

a_» jL^.1 *b^J ^ laser lights j^dJI *b~ib 

































qLa^JxaJ) 

oL^j-L*-JI k 5 ^ ^Ajl 1 11 ^^iJI A 1 \ a ~ dxLo] 

jLLojj .A-X-> 1 1 cJj-a 1 v l lj cJjj-LJI ^5 <_iJl_r. A c l > 

CjLoj-U-JI ^ ixxulj CjLoJ-L s-O (jIjI^J A i\ 1 < ysI 

t> ^ t^b JLk^ ,3-^ ^ aja: L$lU 111 

. V I O i -v ~ *t y\ 1 1 


oLaj-LjlaJI £y&\ 

eh -0 ^c_uj_lj L.^ \ V A_5 t_l A—ikxC. A.^c\ i a< ^ aJ I ^ i 1 1 \ < > 

A—oJ-JLj_o Jl jrUl^ <^.*y n SjJ_^ 

6AA JtLxij dJJ <(^-alll 4_dli.j A . ^^ A. ~ , J U^ j1 j~,<- 

,A_llol ^5 A« ft, 4j ^ ni l J^ Cy ju r\ ! I ^1, \^klml ^ If A s. , ^\ A I I 

j^ ^L*-lI cj d-o ^ j-a 5L1 I ^5 ^ vA." ^ 

L5^ j 1 1 ^1 v-i \^r>j La£ .SjALdl A < 1 ^ J 1 j 

^ VI oil Ij k Ij j-fl tu 1 1 cj I j I j 1I ^ ~ p , VI cj 1—5 1 U * 

^5 ^ . ^1, 41 ^ J l AkLSJI a Aj dJj$. (DVD) aU j* a J l 
oLljJii A-jj-i^JI jj^kll jL*_»VI ^VAJI J1UI 
.^ILu^aJI ^5 Jill!I kL*i_JI j ^ n.I I 


oLolUOJXaJI a I Q « ♦ ~ 

CjVL^q ^-5 ol oi l ^jAlA ^J-l^jxuLJI A a vU j I \r 

.A_xiftVI i j f ^> I^c. Vb oI^^JjlaJI h^*\ a . \ > \r 



^. la^un j <iJLc j j j^J ^ fibre laser ^^IJJI j^A ]| 

ik^cJb A^aaJI CjLojIxaIIj JJ^=JI Jil |»,|| CjVL^Vl 

(JaiJ CaLjj^LJI ^-ftjll l J^IIJI La^ .6 J.A3LJ ollLui-a ^_ic 

^b^VI ^-kUI jIaUI ^IIj j .ol.iU t Jlj cjLojIjlaII 
.erbium ^^ajjVL^ SjjLj a. j,^> j! j^al \^ ,a a > 1 r. , a^ j.^. > H 


jj-jlUI 4xlluo 

.aJLLII jAu^ A-^,A^ Lk-uilj_» J j h JJ| . \ 

i-^-l ^ A "‘** o - ^^ ^^ / ^J “* 4 * kx4jj r.. > j 

,Oj-k^JI jlJ_4^VI AkLuJ_» PJ_^H ^ J A. .A- : 

•J^ljl ^ I \ 111 1 J J .^s 

^-iJ 1 o>-lAI :gain medium k_..r.-.-.n 

J! C5 <CjL»^Jjill (5jjkllj CjjI^JI jl J^ VI <Lii 

ookjJI J^oLsJl j_aj .amplification ^aiJI s j^lk 
•c5j^ VI A-^sljJi.j J^k-ll A-a^j-o Jjk Jj.^^l 
AjlkJI ^Ul :pump source ^Jdi JtaU ^ 

J^AJI j, Ua^ kkmll k^uj 4jJ > kJI jL^J 

6 JJ^ ^-AJI jAu^o jjAj tA^ol.i^lu.l . ^Ul 

.kxu^JI A q 1UII a\ 

IAjI :optical resonator jU^ji 

kx^l A]Ll .optical cavity ^>aJI . bj?" 11 : 


Jj-^ l)l - A ^ dL_0 ,'wl^l 




feedback of Sjjj^JI aa^aJI a_jHiJI I kkAill 
lt 1 ^ 5 a^UJI ^l^iJI jj j .the light 

.^jA P Vk_J 


C^jA 1 



j^LJI oljji-J Jj- 0 ku4j 


U^J-° 


.jJ^jJJI JAj jsa 









































<0 oLiJI ' fl .34 olj ia^aA ji*xu *-*aJaJ £*-*-“• 6* 

^u ^iaji yt, 0 >LII jLi U .colors ji^Vu ol^ui *:u> 

.light receptors iLu^uaJi 14 j4U aJi oL unn->i 1 1 j**-*’ t* 





j : <r..-' 2Lu-Lu.Vl (jljJVl ^ primary colors o'^' 

(jljjVl jIj^.V L*_o i_cujJjJI o'^l £>“J -cSj-^' u'j- 1 ^ 1 
£-LuV aj^kll ^4aj aLI dJj es^JJ j' i r!>''- iJI 

f. J. A 11 LluajjJ' .A^Li^all jl^jS/l 

AjjLuiia CjUji^ Llja.Jji Ijb -Jjj^'j .J_j.il 

.jjJlJjSfl ojdJI LS-^ ' '* ' l< " , ~ > 1 ' ijj^'b J j_a^a.Vl o-° 

.^l^jVi o^> *Lk*l Jl j-^ 1 t* 3jo^' c> u; J ^ 

jjjVl £> Lai <>^Vl jj^UI j^Vl J-a jjjVl £> LlaLajj 
j^aj I3 £aj -t^-LlJI jl cSo^^ 1 6>^'' ~ijL»> a lj 

V jjc jjJr. J,^» o' A_ual—Vl 6 '^l 


a . A_, aJ-^kll <^£- ^laa La ^. a > l <LLj-a 1 I <UnJI >& 0 >^' 

hue A^.j.U ■J.,! -.; La t-y±> J4 ^^rij ■ i "'^»-' j' f~*^’ 
.luminosity (*>Aj j') saturation a- * i ^-> j 

5Jjj_aJI jJkj <S.AaJj <La.J^> J>L i>“ i^akj a^^JI >4 £jjillj 
.<^>*.^1 u'jJ^' l> '- a U>" 
jJ LUl Laa Jj^UI 4 J j *Ui jl frLL^s >* 

O^a-Vl (jj» CjLa.jJ j_ji^ ' O^H^' t* J-®^' 

^ c . a i" -a. ~ Lfi£Jj <a mfta t* ^ .. li t l shades ot^^4l a J 4 -■ ^9 
.*joAJI iiLU jl 6 jZj ^^kxJ! Lol 

—-- 0 - 































wLaLHaJI jIjJVI 

o'^l ^ complementary colors <^UiJl ^Vl 

E - ^ '- u^; (jljJI j-o SjL^lJI 

• (^ KV 1 j ^ I <=• j )» A11 

JaSudOAi) j^JJI 

C> ^Lill CJ^ 1 subtractive color i j^ui 

•^>^*^1 ^ f j cjL^.j-<JI JIj_LI jAi * JI j " I 

uL,Uj 1J ^^LJI ^3-JJ 2L^^Jl ^IjjVlj 
‘crb^b ‘^b^j^b ‘j-^-^l ^j^VI ij>j-LJI jl^Jlj 

•3jj^b j j-&^.VI ^1 jJl£ 1 ^ 1 1** 



6 i/vi c > 


jl>lVl (JAiLjfr A 

a^hjIII SjilJI colorimeter ^IjJVI 

bj) ^ ' J—— WJ S >-II A J^l .JJl—UJ^_11 J^__0 <^ C. J( ^ -V ^ 

L>-° * JK> c^jJt spectrophotometer ^_.u i 
• < *-A^= j^= js ^ >*ji iity 1 4_, x 


jijjVi 

o^i £>“ ub-Tvi > ^JLc J \ 

£> LLoj LJ^aJI <-sjx2j ^1 ^Jl Jj^r.rJ Lu i^^JI 

.mixing of colors ^1^JVI 
-additive 4*^Jl Uj^UI ^11*1 Vi 

u^l ^L-Jd <^ ^>1 1 <i>^kJI j .subtractive a_^^U l 

tl>-° (_)-^t "~»"l - •» I *1 £ j]a <GLi_ > l : J| JX.T j . 2 . a .L 

. «_.LI I 

additive color mixture SLiUkJl ^l*jVl jiu-^ 

II iLLa_fl .Lx-o ^1 jJu^iUi £*JXaj 

•j^aVl t»V^ j Li^Li j-c A^ VI *j-uAJI L ^l[ j-ol=wVI 

subtractive color mixture ^I^JVI ^y^ 

•oUJI jl^i-JI ^y^ y^ ^Lo$U ylLujj ^y^ 

j+=± LS \^i jjjVl J+C J| ^|jJI LL^/>u> IjI MLai 

cjlj-l^l 2-^j-^ aJL-w ^ j J j) J -A^v l 

.(A-aL^> /vll 



4iLu2LAil jl^Vl 

o-° J^-? ^j^aJI oLx^jl ^ i^Jllll ^IjjVl lJjaj 

.additive colors aJjL^JI 5 jU J j s 

•3jj^b j-ojxVi ^1 ^IVIj 

blj-l^l Jj-^£^JI 

oU^» ijj^b ^-^^b j-^Vl ob-l^l 

3 jb^lj j-o^VI ^IjJVI ^ 31^2 

6^ 6^Lia 1I ^Ij-I^b ck^hVI gjLij LpU 

•L5^-^b b^j^b j^^I ^ aJL^aII ^IjJVI ^y& 





























oLfcbuiVi Jj Wj photography 
radiation sensitive ^Uuij^u ^Lu*^. Jaluj 

:jJi jj^uaUI 4 hj .tu ol a K - j ^ Ij4l l£ 

4 tc-| • .r.l a ^<nl iii -v £tJaxu ^ It f- \ jm MJ 


£_»jG 

j_,ljJI j-aJI J\ Sjj-*JL_. j^j ) -^ -i 1 J-i- L -‘ 

, .a*. I I olj I^a-'LSJ 1 !,.'i~ wxjI I J() T o JjjJI J^bdl J-»-S u^aLiJIj 
<> J* 4i —j ‘P inhole camera 

ji Aristotle ,j-bjkVI ^aj^kaJlj Mao Ti j, jb. 

jj-uiLj^JI J j $- k ^jujbuJI Jj-bll -' $■-“< 

> '-.- ... i ^aji Anthemius of Tralles 

’ ** e- 

a-i j .--u j camera ooscura calkall jl 
5 ol ^oL^.11 o-® '*' 1 I ■iff ^-bl^idl JL a . Cn .iVI jb -Laj 

,^ J .1 1 1 (j cJ ■» \ LoS CLl J1 1 I^AaLill J j>k j ^4 C^a 


j,^ 

^•.K 1839 iiu. Sir John Herschel Jk_>A j^- ja-JI Ja 2J 
La^Ucj bblj^Jl ,> graph "bijb j photo 
;^All J>*j ^1 photograph bK J^iU 

^1 CLibJI j^^aJI (J 4 ^1 kl_b> J ^ J be . J — ^ )»^ il Lj_A L>-°^ 

.photography "jA^^iir jl "Lii ^b b>c LS^cbl 



.UikJl 

j-^iLlll ojill oljLxl^i 

Sf A_l5^-o (jljJI olj IijloJI (jl £-° •>^ £ ’ 
d)!^ Uc-l l 1861 iluj J <J>I 4jL>UJI 


olj Sjj-^ James Clark Maxwell 

* 

<bkjJ Jjl JaaC! fJ j .^JJLaJI J^Laill J-a bobaU 4-ibba jl^JI 
.1907 Hu, J VI JjaJI Jl 5b^' u'^l ^ ,:i 



J"j-* J^T k ' 




























George ^ 


olj Jj) l '~ > N 


f ^ u^ .'- 1 * jj- ^.' 1 d^ l_>;Lol£JI SJaLujj Sjj-^s ^jjl a-* Jjl 

J ^"* — <-j_iL_L_i jj— ua ^L ~i ( 1 j_jf Ci=k.jia ^ _j <1 826 

aia cu^>j£. d»j .1860 iiuj two-dimentional images 
zoetrope ^ ■■ ■ Jjdljd= * ^ *»i < * vi 

^ (^—>i >i-' .. .i j * - . j j ,^n 

(^L_ U ~> < Vlj jlj_S •; 1 L. dbjsJi) mutoscope 
jj^ji dj^) praxinoscope , ■^. ^•■_,...< i j: ii j 


.(Llj^ 

CJj* ^ ^>jVI j m )I Lb .“il a" II .s \ a .-.alA. j 

yjaxj Uu> oltj^ Cjlill Ju.iL, Cu-i j£- 

jj^J^LJI jij .djt’il cdt£ \+L *\^ -VI 

LUill <>> cwLUl ji celluloid film 

t>G-ll ^ <-£>JI CdLld (L$-i£oldjl gjj ,^1l 

Js>4^* LfH ■ f'l.'M i l l l_>J-al£JI jjlaJ (£jl |d ,L$J ( _ s _*_5l^jJI 
£-“=“J Lu> £j_Jadl ^-LGJIj ^dL ^\ j ,J I Jo^Lu^aU 
G* a-lAliJ iilidl Lr lr. iajLalixdl ^MsVl 


.^LJI 

Ci^Ldl filiVl 
AdjJdl ^MiVl 1 ,«d 

IjLlX-O 1 * t r.. 
J L^V \ J ,„ll 

olj t nni 


1 £— 


oL \ j H... Jj j^jLluJI 



L^-^i Mk jJL 6j^o-<3 

A^^llll JjVl J^>l ^kJI 
’oL^L a \tmll 


OJj-^ L^Jx-ll JjJLII 
Uj .a_JL 3JI olJJI J f4ill Jl Jj jrlJ J *oViJ 

Cx=^ix^l chj^b (_^jLiJI cX>Ulj uLni uj !]\ Cjikj J 

JLlJI JUcVI AiLS^jjS ^1 ^ A_^^Jl 


jiJj 4 ll 

^MiVI JxlLu ^ill Jl^l ^ film ^LiJI 

Lai ^-LfiJI ^Lul .Lalxujl icLu^ 

^1. i i k*L iL jju-^JI jl ol^i-oLSJL <_LI jL j a 1 1 J j, I I 

f^b .visual effects cJ iS^JI oLil: 

^JxaJlj iiLiijl jjL^o jLLl JSL 

.JL^jI a-LxuIj ^ ^LUl 6j^j^JI j .^LLoVIj 

* ^ 1 c J-}-*-* ^_jj-LiJI cjLsL^j <LLLji ^MJiVI 

.^j^LLJI <U-lL»b L$jL^ j 





obljj 

I ^jLn^ ^LUI ^L^ ^M__flVl ^ -vj J t a 

ol^j^JJ ^LSj .^^pJI oj—jL^jj 

^MiVI ^ \ j^LjlJI 1_L_ujj_4JIj oLii jJIj 

(I^b chi^L^j ^bjb ^^b t> 

M-»j Li xj j r j L ^ "1600 <lLu ^jJI. dLlj j >rj 

iLLLJI S^^JI ^ oLl^lII ^I^L L Jn> , 
dJj ^jl I I L-? t>*^JI L-Aj^laj (JAJ 

jl ^ c> Jl 

.<£j^JLo ijj^s JiJ aLjLi. j! Jaux. Jr. A_L» JxuJ i^Lu.ir 

6o^Lk i JI J <ijLJI Sjj^JI Jc JiLLJI ^ jij 

LJ j J 


f^iVl iuJL «uj jx. L^L 

Lad^l LLIJ^JJI ^MiVl ^ (.Ij^aVl Jl ^MiVl 
.i^j_zJLJI ^MiVl .nl iLLu J J jl cLLS Jl 

L° a_JUi^I Lc jj aJjJ ^ b->jj^ JUI jjU’tj 

u J VI JJLxjjj A_i_fl Jlj JaljjJI JLcu j j 

•Chi 











































.LgJUlil JaJ (> Lub <£l>Jl JL^JiVt 4 ^aj V 4iLb SOUnd 0*^1 

Oljl>AVl ^1 CjU jxa^Jt Jilii ^Jl jl^ <> CiL^^dl J^»i 

^si‘i j t-v f.LaJI 0^5 ^ <Jaj-u La£ CjLaL^-i^ t j * j ^ jJi^aJI ^4 o^u^JI J a ~* ' '3 • < '‘^ - 0' y% ^ 

.L_SJU.it g-iu->l jJUit 03 ^-H < 1 LaJS^ .<££j -4 ^ Ij > a 



d \*\ j /11 4iLbJI 

6JJ ^ A_ia-uJ A UujI^-1 I d d^} 

<L_L_C^uj A ~ 5 1 Jo j A v - ^ J-^> Jj-J°j 

. 4 \ A 1 "n-~ VI 

^LuLo ^ amplitude u . Jlj 
.L 1 ^ Oj ) < ^U ^ 

j\yi*\ J^uo frequency jj^iJIj 
^Uljj <a_Lu*jJI Sj-^jJI oj-^Jt 
Sjjj >*-hertz 

wavelength S_^JI Jj-^j 
^ Sj^J j 6 jjJ ' ( j *Ufc ^iJI AiL^JI 

_ A_u)^-l^J I A I Ll> 1^^ ^ 

u ^lj_i^ isd-^l pitch AJLikJlj 

,4 i q i .,. j a!1 q \ a4\1 1_i A <9 \ % "\ a!I dd j) «^ u I 
4 a vU ji i_JLc A \\h olj o' olj-^ 

2 cLjIJl A^>j-a J^j UT^ AjJJI .a 

4 >at,ii ^- aII note 


2 'alt^v A CjI J-ol jl Jo^a V 4_siliua 4-}JLu«J-o oVl ^jisJLuxJ 

a t *41 ^ 1 1 4ii LbJ I o Ij-J-£ 

Oajfu) A_uJ j - ^ JI ot-^-^-^JI 3-^^-* L5^' A_SliaJI S2 

^jjl aJLUI a ^ loudness s jL^JIj .intensity 

£ jLj^JI Jil ^ t-a 5 jLcj .(j jVl Cj j < ^ 11 L^J 

oj-^JI 5jL$-^ ^Ll^j .aJ^ 

4 \ a JilLj L^jJI iaoxjjJI ^-ic Oj^aJI A_^.phon 

4 “r juj (J-^J < 1 _> L^JI Jq-ujjJI A-Cj-tu_j O j)<^"d l V J^5 

Oj-^JI .oljLi-ll ^ A_CUajl J-Aj < Jjl^JI 

pLJI ^ Lj/f 1497 2uc^4j ^ ^/f 5950 

.'jX'yuSSU ^ U/^ 316 <jkUI 




,a_L»j^iUVI 4_p^-=JI 





























a^uJI olj^Vl :infrasound j - X A <. u J I -Jj *v~ ■ Jj J' ^ 11 

* 

cjl 6^i .<j-allaJ>VI jjjiu jj j2 cJA cJ j-^I 



^ n ^ u^-^» ^\3j3j^& ^L»fj-o 


s-LuAaJI ^_>jLl1 

JlLuj ^ h^j^\ LljJl :sound mirrors L£^J\ li^ji 
< j-alj£.V O-oJaJuJ S&J cJj^aVl L anXH 
i^jUJI jjxJI ol^LU L_alid£V <l5 JjVI <_iJUJI J^U. 

J^t*L>4^ 4 _jI_Loj CuL^j <A_jj j«^l l L^jL^.j_o «^~v * dJAJ SjLc^JU 
£ Lc. 6hX-A A_i_ij . ^ 11 Ujdl ^. . \ * ..«* j > a 

A-uibljjJI oLu^LuJI ^Js ^a^LjJI '"'I j >>^ l Jjj^l) 

LjIjaJL^ (_£jd »L n . uLl 1 lAj l <_ijj_^J| LjIjaII !_sJ_»_ j J < i I I 

concrete a^ Ij< I I ,^J Ij .acoustic mirrors h* a ■i i 
.listening ears 2ui.La]l JjVlj .dishes 



wLxj^u^JI iiLhJI o La I X^JjLua I 

^ ol^L^JI J_ualjALlI ^ 1 c J ,^\ \ \ r 1 ... * 

^^b-? f4^H otAlj_iaJIj ^LaJI J_^Ij^j 

** ^ A^d^. J_>IjJi C>j-t-<aJI A_ujI jjJ ^—\i I jjjj l~x ji l 

cj\ —sl—Atl_SI Jl ^jl Lcus << j \ U> II j 4 > J i II oVL^JI 

JJaLkJI J^li_LujV 6 j CjLcI j~ ^ 1 j 

c> cA*^ 1 Jb^l ^ jL»j- :sonar jG^uJi 

^_> 1 1 JU^JI a_^MJI a-jj- j I ^ \y\ 5 jL_i_sJI 

jL»j^JI , ^ j j .Sound Navigation and Ranging 

jL>j^JI sluJj .pLjJlVI ^_iliul£l j ^j_^JI 

oL^^dll &J_A i - U <s *n <a A ^ o 4 I ~ j-L-a uLaj-o 

6J-»l_C S1j2 ^3 .. Uj^ aI I dJ j 6jj-a.j_dl ^Lui^VLj 

aU^lj AdLu-oJ A_j_aLo Jj..L^t 4 \<^~q Jl 

4_al_txt-o ^j£. l .a. I I jL_jj_4Aj.il uLij-o CjLx-aljJLlI ^ \ A. " ..." J 
^ c^j^Vl ^Lu^Vlj <jAaJI aL^Ij 



.^jL^JI WJI jL»ju, j[+x> J(ui 60 - j, ^u) dj^d*, A_oljd. 



3 ^ 5 ^ cjljx-aVI "\u t \ ^ultrasound • ^... n ^ n 

«■ <> 

olj-^aVl -1^ JLc. JJ j2 Cj I j J-U^a oU j-o 4 ^ ^..,1 1 

jj_diJLs <j^j-Aj .1 J ^ 20 d-° ^d r> C I oljJjlj A_i a ^ ,,J| jj_fl 

JJjlII Cjl j Cjlj-t-aVl >^l A—I J- M . » J__jIj_ 4*JI J £_J| jdl 
C_J I lA-o Liaa^. I A_jA-dxuJI O La*j_oj I Jjjjj . (j-aAjaJLdJ I 

6Jjj^JI A_j_»ju^aJI ^IjA-aVl 6j-A JjaJL» ^3 .L^A^-cuALj ^ 

.sonogram jjA ^l^oVl Sj^ ^ Sjj^ J\ 

ultrasound imaging LS _^ U JI jj_i ^i^UI ^ ^ ^ 
^LJaSu ultrasonography (^^Jl L^j 

Cj* LI-oLlu^I <^L ^c Ij a j. mi\I ^_1c 4-dLklj 6 jIaa I j q 1 > ^Lj 

.4_pJja4 OLUj Jl AjaJJI 




















































iLuLaJI Cj ^ 

jA jAju* 4ilk^, f-LJI ^ 4 -K.uaII d j^j'iKjaJI oLa-j^i ^LaJ* o^J oj^JI Jl^li' 

cjIjj^ui .underwater acoustics *^0^-*' 

.jjjJtiL *—la (1 )j j2jJi 10 ^aj d jM aJI Ci 1 r*>' I 4-jj l mc .V1 



■ •- I a I I jj ->. *» _,a< "i II j 

JqVi ' <_] j ^ ..■ ' 1 ^ .^1 ■ aI \ .. -w ^ i JI CjI J ;^—***I J-l 1— 

dLlJJ U ; .A' L; ^Li ij ajJAi; 0 ^-“i 
underwater navigation «.LJI 


oLiL^l o-Lj-U and tracking 
triangulating the ^-sa$JI £-5>o odVit jl oUa^^Jl 

oJ jlj .oljw'/.iuJl ^ Uaj position of the target 
~ L... Lij J.-- jJilj-aJI JJ-laj ^Uaj ^1 A i '<">' ! 

.underwater acoustics positioning system *UJl 


Lxj^uo J-a ^UiiJ Jj^Is ^ jxLa iaJ^ 


^_iLa ^L auu 


y. LaJ I ^"v*> a < ij./s II oVLua^Vl 

~^ JLiluJJ (JLuj^1 AjLj^Is L_5^A_A 

/S _ f, \_/\j I , ~ t 4 \ i 1 1 ^**J V \ i > V \—J 4 LoJ I 

V[ JL^V! Il$_> ^LaHJ 3j1j-L 

^j»L<dl ^LajuaaJI ^ 1 j^* i < x>La ^_a L^_L-«a^l <jl 

j a ,uJlj .hydrophone 

^ I J"n-Q MJ 1 

& & ^ 

VI ^L ai aj jI (J-i^uj_> fLJI 

































11) *u*Vi 

IjJ *Ld! j-jj-uJI Jldl^VI ^ \c s j d 11 cjj^aJI d I a* 
o- 0 ^ jL rk il l ^ i _1 -K1 1 <LdjjJ SjlLu^ Sljl£ ^.jdJdu_> 
oldl^adl ji>>j ■ jjjV! oj-aJI ^d-^j 3-d d I MJI 

i;Li-JI Sjl^i: d^ oLcjIxJI echo sounders I^j a.^w 

^ ^jidLud ^ dJ 

• *d J-j-^ 1 1 A-lil^j A-oL^.^k; J <GLa$j d-oxuJI 



• ^-A-* aJ I p1 J I A_fcfcl 1^ d A_J^J . \ ■ ^ 1 1 . ** i l_l , /-V a! I ^ \ A. " ■ ■■*. 


,-.l A J ... -V II al <j ia 

t> ^1 neutrino jA^^l *- i--^_. 

& 

L^jd VI jlj-dl £-o JcldlJI aJjL A_ij,^Lk % * o 1 r. .< ~ ... VI 
A_jl 1 I I A_uJjjJ CaL.U a !1 v ^ ~ dJ jJ 

Ij^. A_d L*J I Ad Lid I C)l j CjLd^j v 1 1 ^j£. l a T, K 1 I a t 
. A-ij^L^d I (JL* i^)i^ 1 L_t j^v >1 1 & L-o 



.^LJ' ^ Jj>d jLjJjai 5 J-^-J 


jL^udl 

d^O-^ edjLiaj L$ «A4^\ sonar jl \j...n l qU uj 

L5-^ I Jwa) jdJLu i I A-dj ,.rd1 Cj l ^ t \ 11 

^ c. 

Aj^Ax d l ^Lua^VIj Ad L 0^:1 j javaJI oLo j-Ll-o d^ * 

passive ^_d_*dl jld^_dl ^__& aJ_aj_a a a < ^ u * ^ j ~j . <_ds 
^L a^i ajVLa d^j <l$^ud_> AddajJLj ^jdj sonar 

J ^ J1 I 6 _$-d I ^ L u ^ VI d-° A 'j x \ \ n 11 o I j - VI 

idlJJjJI ^LjjIaJLi ^Lu^IujVI 

seismic exploration LJI^dll idL^ldL t m r..<~... vi ^ 

^ ^ 1 Cjlj Cj I jA-a VI ^ I J. Lluj La J j ^ * 11 d 1 | !^d 1 | -v" t 

jJdlil A_a^oJjV| ^ J r> x \ j .(jdj-A 100 d-° cUO ^ ^ ^11 

11 CjI—^ <A_jljl L , i. . x \ j oil 

A_A_ij^d I jj l^ JI d-°J j-^dl ^sd jaX. Jdllj d A ^ 1 Q« . 

-air guns idl^Jl jJlxdl :L^i .^^ i ^ 

.explosives ol^d.dlj ,vibroseis ^IjJjJI Jl^uVIj 

^ Lxd 1^ ^udJaJ I 

jLk^Vlj £L-AjJI A. A \ t a jjl CJ J_^dl J^ur> J LcAjI d-^i 

L5 -> J is*i\ \ ^kdl ^L-A-Ld. ^_A_jj_x^dl oLiu^dl ^IJ_A_1 _ujL_) 

djd^ld ^dl acoustic rain gauge 

caVL^I d^ ediddl d^> dJj^ .Jeffery A. Nystuen 

0*J J ^ 1 c K^ ^ 1 d l JJdJ ol^-utal ^ .dj-JI Ca^ w 

CaL Uj^aI I 6jlj_2w oUjJ Ad^xd LdAjI^JI CaL^.jJ 

•H^ 1 0^ 






































2 i.,.i ... Vi j K.r. Vi .jaij ^_uLij4£ (j£ <u»Lb electricity *L»jf£Ji 

2 \<\ ... I I ^1 II :LaA 4_ijLjj 4^JI dWiuJI 4 * j ) la U* .£3 Hall 

d3 zi .current electricity ^bJi static electricity (i^QuJi 3 \) 

4J1aV| (> Sy>L£ ^LoJI eU^JL; L$dU oLia-iJI 

4 _jjl_^J| g .1 II i dC jI < ti I I C>jL£ I jl Lai I 4 IC. 



j-ldiV j>dl oLjjUoj f- 1 ^ 


^Liil 

L>ait Lo£) friction dlSi^VL *L^UI ^Lul 
chemical ^1 j ^ Jj^ jl ddd-MjJI dj-id 

II A a ±j U ' j| ,(cjl—J jI— la-dl A_jj ~i-^fll l (=•!—;j 0 11 —^) 

olJjdl J ol^^dlj j^tddl ^ L£) induction 

.(i-dL^fUl 


4W.SJ1 

oLdjj^J^I o^l^ ^a-^l ^ charge id^Jdl 

"<4^.j_o” d>>J^l i-dLi^dJI ilaJdl ^wUj .old^j^Jlj 

"Ldla/' LdL^I a ,-^ tdl ^d.j .positive (+) 

.negative (-) 

a \ -v ,Li II JULLil 

4 -> \ v UI I oL-jjj^ J VI 6 jl—<-ud^ j! ^ 1 £- 5 jj- 5 JI 

Ibj_c (SJ^ .SjUJ <Lj iJLjj_4^JI 

ol—» jjV\J[ s-jx,^ "1 ui jbkJI ^ C>L_jjjlSJV! 

1 | 1 j m2 J—^V! CjI IVI C)lj SjJ—II I—al I 

SjL^iJIj v-j^^.ll I.1 a j j-^j ,L$Jbj^>i£L!l <_L=^jLaJI 

.jLiliJI 3_a jli aL^jI c->L jVJ 


.1^ II (3-j-} a \ill 11 ui pLa**JI 












































j>iLa 

»L j V1 Lol A \ \ v > j^k> <l^jI_3l1aJI l~s \ \^ r,.\ I cjIj ^ 1 if*.. VI 

^JLxJI jij .LAxj 1 $ < A* » jaHs a_$_>U^IaJI oLl^JiJI cJA 

Charles Augustin de 

,AaUI jl ,_>A^JI IAa Sji ^>1111 j^iJI ^1 J Coulomb 

-Coulomb s law d^-ACs *1 a,,, \_j ,^n j 
^ 6AP 6e-? (^>5JI o? ^ d.P'-* 

I 'd* t \ ^ u i 1 1 6 J_A Ci-> L^ 1—< 1 ^ (j * Q ^-’v ^_a I I d> 1 ~v -v r,. 1 1 

<L_sI_culaJI ^ I C (J-M \ u.ll £) J_LJ| dllA-^j .^1 SjJLlI 6 A- A 

• I dLL >r.< a * i ^ A_a LuxaJ I o j 1^ 1 a 1^ a ( 1 a ^ > 





jj-J f-lzj 

Jjl ,>* Leyden jar *Lcj 
^fiLJaJI d l^ JLik V A__$j^__AxJI J—Jil_ uj^_J I 

"I ~~l 4 5 A \ iaj f> Lc. I I ^ A a. a / _ A_ij 1 * ^ ^ ^ 1 1 

condenser " ■ «kj i" ^i ^ jiy^ 

6> J-* fL»VI dLL ^_a jjLuJI jLLLcVI d*^ 

d^ ^Ij d-* cdL£ *\ 1 1 

pL_c.j_JI .L^ a \ *\ *\ ~ ^Lf\ *y\ — i 

* <* 

J^LSj-i l j IU ^ j d-° Lc j \' ^ 

•JTj'^JIj J^ljJI <3-0 j_j J_^lUI 

(jj-i 1 *l_c ^ i ^ ^ ^_1 ^JlSLj O- 






JloL 


UI 


capacitors 




2 d j ft a i S^iJI t % [ < t i ^ 1 1 d A c. i. A a 

, 5 



++ 



4 |J Jft.AJ S I J_J j^_S d \ "V . r< 11 d d C 1 ,/SA 




iiSUJI ^Lj^jSJI 

^ static electricity lXrA \..A\ J ii^LJI *.1 :j(3 <h 

jlj-JI Jj-^. aJL^v ^ ^..a^ ^1 

-Lft-^ c dddjLo dl^j L^Ll»| ,A_aili^JI 

l . d A J-^.1 j ^LLIj L-a ^ (Aft ^ ^Jl d>f-a-u^JI k-jlj^dl dll j 

\ \ ^j\ dll j — u±iju^ > d ^ 6 j 1^) H. 

^ " ^ >1 1 .jdi. VI ^HcLXXt Ln-fl 




^a^Jl Ldl A \ ^ mi l l5 _J_Lu- VI J t a ^ mj (£ jj| 

• f it 1 1 a oL> 1 VI • ^ Q * All 


6 j-A 0 -Ci$ m > ^1 dj J l>-° Jl a_jAL»^4£ aA^Jl jlLj d^ dj^^° ^»»^1 LaLi^I d^-» 

op I^U^> Lax^. Luu^j Ijl dLLoA .induction d^JI jl j^ja-h : i,l,i i 

^ildj . ^^Jl dUA Jl ^Vl c-dAUJI ^A .LjUdl dj^^ll f^ll J{ ^\ y \\u, ddl^JI ^u^JI oLAj^JI 


^pJI A \ m 11 d^J ^5 1 k ! *V > 1 La I 




VI 


j_)L^JI <a j J» > ^ \^k u j I A ^uiiJI d-° ^ u UJ I IA_a d^ dll A d^. 

. A A J I J ~ 1 > 11 L^J ■ \t 


1 UU^v aII 

m 


"m > JA-a L; ^ ■ d* 

.<UjLc ^_j^al_Lo ^ If 


P ^U^aI I 


3 U U -k A 1 I 


4LL* 






B 


(^a^ Ck j A > \ 11 < 1 11 A \-v f*i. 11 . \j^ 

*^l t>» JLLLjVI ^jjiUVl 
rc -i^~) j tB &j£Lll A 

■ A ^Jl 


A 6^^JI ^j£. B 6^^jl d ^ 

> iS*i\^ < Jjl-*-ll 1 1 ■ ^ A ^ ^ I \ Aw *t... 1 > 

. A_U4^ 1_xILo CjI—LAau Jj ^ 


^ $ «*» ^ » SdjIjJI A.,~i Tli 11 ^ 

. s j < \ ^I * ^Jx. ^ 1 iA~ ' l_j 

















































































tjA LJj-u ^Lll jiijaj (ja 6l6CtrOSt3tiCS a A'I 

jj «■. LZ. £.4 ^Uj L» ;.AJ d )jh} o'l 3 ' AlSltu ol 



$• 

j La^.iAxj jl a.g.ajl { JUA LJ£j ,<Uaiaxu j^ULi CjLAJj U'^ 

jLjI ili^'iU u^3 <oLa^-uJJ JjLp <uli I n fl A« ; qA jl 

4 U 9 UU JaVl jj^h.ull jaV Jp>- ol A >iJI ojjfc JjLp 

^ Ja"<'."' ^JU| ^| A iti II jV dJj O J ^ W AjJLfc 

f- 

cLb^la SjliJ JLuJs '*" <LajliLaJI ^JLxJI ^cJaxuJI ^lfc jt 

.LftjL^ ^ j> uVt 


A t\ ^j! Loo a 1 1 jxh j 

. 1 * t 1 ^ . A ^ 11 Cl) I jJLluJ I 



o Lij^cu^j^^J I oVLojLLuI 

10 alU~ ^ill oljUiJI j^l cj-^ oLhj^x>4^-M 

.a_^ j_JI ^ L$_l_)jjj L$_> jj.x i ii.ll ol \ 

:1_4J A I U * ; ^yij 1 flj ij 

Lij^aUI oL*->LkJlj photocopiers Li^LJl oVVI • 

laser .printers 

iii.u SjLcV defibrillator ^LL^jJI J^j-* f - ' ^'»■ ■“ .» • 

.< I J ^ a 4 l^ ... l^j . 4 . U r ^ ^ U 1 j a . 6 *> » .—) I ^ I I 

(jAi,j^r .,.0 paddles 

dust precipitator <_aj_;Vl a_j_Lj_® ^ ^ ~> <^» • 
JLlI ^Li-jJI o' ^.1 ■ * -> (j-* o '* 1 ' ^"' U 1 4 ^ 

.J jl jJI jlji^.1 -A*-! 


elect™ 

L5^ 4jj^o 



.jfl"j .A_i_j j^iAj jj^ll ^£j_Lll ^ 1 JA> A uj Lj d>ljl ^ ® 

j^ r : Lh^[ Ai j^n.^n spray guns <>jJl 

^ 1 r \r 1 ... \ l_^yo 1 .li > 1 ^ ' t t > \_A jJ 1 OLjl-Jj^ 

^_i_LuJI 6jl J mil A. m-\ \ (j I ^ --Ij —AJJ-d) 

A \ ^ Ti_. 11 

furnace filters jlj_iVl oL^j-^ ^ ^ ^ • 

z \jjJI ^ jl i xJi oLu-uii. ^-llj^ a_^_) j <[ ^ jj ^ *0 1 

A V \ jSLwj^j^^JI ^ J oil L^-O I Ja^JLuj L) 













































La-jj jji electrostatic potential j^Jl 

J ^ l-^-l (3-° ^) J * * > 1 1 ^ j a 1... A t j \^" 

^ Ljj 1 ^ ^ j. ^> 11^ .^_jLj^^_^JI 

"^ =: V0 

A_x-a^ :Aj>L 4_LL> ^ - V^l l o^-oj Ij-1 

^dl c.J- -0 A \ '*<. 1 (^J 1 1 c—>^ l l r > a J 1^ 'A. * *v uJ 1 /S . w \ (^J-AJlJI 


Ji 


£J^i] I 

Of-? J 1 

0°^ J* ^ >.M ' Of ^ ^^-I-xjL^^ ^JL^a ^jj 

.electrostatic discharge ^j^j^lJl j^jiiJL j^U* 

fc—Zj' ^ ^ — 1 _c*jI J-^J A <_ 1_^1 wjl *1 Sj fl K. I I ^| , t ~v 

^ SjLc SjL+jaJI 6JJ* j .Jj^j^_<J\ 

oljl-- A \ I I l .a <^i ^—l 1—AIj)— uj^ CjL_i_jj^ISJVI 

dJj—S-aJI ^is Ijj— c-a ^_j-i—U1J <jl t j__^cu ^__a—llj A—ij—I U .all 

jl c _ > Ajj_^JL_1J d]±£j .A_x \ j j~< I VI 

j-^^lll ^j£- ^lAJI i a hI I ^Js c^ulxuIj 



Li 

^UJI Gauss' law ^jU 

4 _a_» I O t, \ ^k Ml 11 . ^JjlILoJ I 

ij^-4 .a^L^UI cjVL^aJI ^Jj 

J J^J L5-^ li-A 

& J^>_La—A £ V c 

^JjLall ^dbuJI 

A_ul_j^_^JI Cj\ \ -\ r<ill 

-1-c Sjj-t^^oll 

Jajuu .rcJUtull 

Lu^Lj dll j 


o±±> j 





























jUUI 


,Li^ ^ liA ji Vi .oL.i^JVi $A electric current ^u^lii jUUi 

0 * 

|jj .4-ijLa-jVl ^ji 4 j jlu.ll 4‘i^iJI LajIj CiL>ij^-lVl 1 J* 1 > »' 

.o^.^aJI ohfrll ^1 uJLuJI uhy t>« O' Ji^ 11 



^' J ' ,0 "-M>iJ/., ^ 

M ^<sjll- L J* 

- - U <L 



^ current electricity i^jUJI 

^_> *U > J d ^ > s ll^ ^ If. ^ jJI jLilJI A. j < a$ i—>-ujLijL)J .6^rJI 

2 al U ojlj (jlj .dLLuJI A—fll U . 1 1 A J £—O 

.cdiuJI jLlIJI J^a jj «*jft Lajjc. jl a j^JI 









WA 




Ml ii 

kL 




96 




































^l£UI 

< 3 - 1 * j-a Sj j valence 

JJ-Jj .jiSI jl 6 j L x j\ jl 

5jLuiw jl ^ juu \ ^ 1 *. 6jaUI 

.Sj jJJ a_xJLjj4 ^JI j v U II Lajj j__i 

J ,^-lc. j^LSiJI 

olj —fl . SjJ_U A__x_^.^l_aJI is ^ f*.. a 11 

J oUj^iilVI ^ L i tMij ^.i^ll jjjJI 
^ j ^ jLiJI Lg—»^_x*j_fl 

o -0 l^kic. 5 jJlLI ^)lf£ Ijl Lol . £.v * w 

ol> j^iuvi 

• C->L»VI 6 J-A ^‘-“^ ~ "• 








5 e 6e 7e 8e 

j i^jUJI oUjj 3SJVI Jx ^Ul s^i ^ >1£UI 5_pj 



, - 

rArnVofta^-^ ~V US 

A \essandro vo J u ^ ^ 

,x» ^ "T 




V 1 a 


jJ-LdVl 

L»-a^ ampere 
^Lll ^U^+SJI jLlsJI 
<^hLj J J3L> Jx. JijIS 
(_>uLi-S aj_^.j j-Aj .a.' -w Ij 
.^L^ijLui 


J^'i j»>ljSJI 

j> jjx. Ljla^j S^i ^ coulomb ^JjUI 

.6.25x1 0 18 6j^ 

iiLkJI Cui£ j_Aj ,A_4Uall ^Li-La jOUle J^xJlj 

-S^a-lj ij-iUJ .AxJj Jalj Zjj J^aj 3 ^ A<[ 1 $ 1 ,,. aJI 

.watt/second ik.Q/kl^JL. LkJ dJj 



4 jj 1 A. * 4 \ r j lj^ ^ 


ijjLaJI ^L^SJI jjLau 


generators *Uj^ILS >L^ t < 11 ja L^ 

-fuel cells S_jjjjjJl Lj^UJIj cells L_i!iUJIj 


LiUJI Jl Aal^lS.yJI AjjUaJI oUj^JI 

a^L^UI LJiJI uilLuj Jl a^I^I a-SLUJI 

d ; 1 4 J±A I I A li^i~i al l L}UJI ^ AX. J-ax>_a jl A Ja ^ 


^U^SJI jLiDI jJ_jj (jJLi ouxi 



L i.ti iULt4 a Vl -s a 


^•LuV 4 _^L^iU1 cjMjcU^iJI j j_ajJl LMiJI 

Jl ^-5L!aJI Jj^-> jjL^a-o dJLxAj & Li j ^jSJ I 




















































oljW ^ 


^ J ui ^ ^ ?ux ** electric circuit ^u^sj\ ^i^ji 

J;~S . ; U . S^ljJI ^Uu3l *UV*\g .4 -ijLj^£JI iillajl ^tj Vu uV .jAIuxa J^i-} J^H- 11 1 3-' lfc 

SjLH 1 SjUL. :^V| ^Jjlajl : 6^‘> J, tr 6 -^ O^HJ 

Ja^J I iLuljjfl<I* iiiLbJI Vtun ^jjJI iluujJI 


iLjl^aJI SjL - o 

series-parallel sljlj-^lj ^l>sJl ^ oljUl c> j±^A\ 

SjIjJI £jji j-^l 6^ ^-° - <Uu ^ cJijJl circuits 

Sjl J j^Loj jl . Ai^tAj ^ A_> A LVL a JLi^J SL>I^a1I 

< ^a5$I jl jj-ijjl J1 (* , u * ^ (lJ (S^l 

■ Ji-aJI 6 j-A ^ jj-o jLsJ^I 

.Ljl ^a)I CjIjUJ 1_4-uAj ^jLyJL» Sjjlj-^l t -0 


^1^111 SjIj - I 

J) ^b-^ 1 ^b ,J z-* ^ 
series circuits (J .J« *iJI 


jLao ^ j^.uJL» jLpJJ 

J J J .j—A—l-_ou-0 J-^lj 


V 


© 




jLiJ parallel circuits (ic_>ii<Jl) ^jlj^ll oljLiJl 


I^.A=J jit J&\ jl J^a. tlkiJ .jLu^ Jj^l J-^- 3^-^i O^ 

_ _ LUJJI 

R J " 

L 


J_sljJiJlj J A sJI 

JM_^. f—$—^—!— 

V oj -» (j ' L;L-^_ 


=pc 


,J -* ^ 1^*1 I ^ l—o I 


T 


Jljj Sjlj 


C 

Hh 


<v? 


.J^lj A_l_ 
jJ A_J>1_> A—ijl j-aJI 6jlJ-ll jl—I ajj 
^ \ \ \ C- jLlllI ^1 U ^ > 1 LJ. 


I jl_fl <6 jl jJI J-^C A_i J^OJ 
i>J l 


6J-A ^L^fil J-^.1 £_L_sJ>I La 


Tl j>c j,J jLllI j)L L^loU^ 

<i iU s^jljJI jaJI 


^ SjljJI 

^lyLJI oljlj ^ J^JI J^ J ;^~'^j j '-4-1^ AjI-iJI ^ 

Llj J IjLa .jj^JI L*jj,_yiJI LJJjUl (^J'-^?-[ Cy> 




i {-Lu^z J$ ,^Jt J-aj ^IjiJI u-1^ (j^J^J-* 0^4^ 


.5jIjJI ^ ajj^.j-a1I ajL&JI 


3 ■ 


Sj'j^ j' J 













































o + 



a+b+c+d+e+f=o 

d tU I II 

aJLLJI ^ jjjJl ^ voltage 

C)l l -% Tull £_i,Aj LS -j-ll SjJ-iLlI L^_>I_J l cAi l j <~ U a '■ 


Li yii 

jx.l_a 4 _LJj_j Ljljdl Jlyill oljl j 1 yLu 

Lj^L^j .Kirschhoff’s laws ydlj^ dL-^ 


L ^fl‘i^JI ^Lj 4£JI jLxlJI <-y& jLL l5 _L ^Lj j£.LaJI ^LjLa 
^ ^1 Sjl Jl ^Luil d* ^5 JS ^ 

jiJlj JLail 4_kii ^| jix. <Gl JjVl cJjiu * 
i-la-ij Jl aJ. ^ IjJ| jLj_iJI dj-a jxi"\ , tt A jLj-j La j;<~ 
•JLa-jVl 4_Lfi_» d-° <La.jLJI jLill A-jaS^ ^jLuj JLaiVl 
‘*jl J JLa3l Aiaii ^1 dx. <Gl ^LUI Jj^LUl u ^\j j 
A-L a^JI ^L ?4_L£iJI dli Jl d^LL JiiLo jL j-iIIjj 
<_ jiLaJI ^jL L^LaMi yLlI A^UI jali LdLdl 

■ ^ i^ y ^ 1 1 ^ i 1 1^ Li ^ \ ^ 1 11 4_o^j 1 0 a! | 4 a < a 1 

6jlJI ^-L L-Ls j-iL^ V L^iu^1 gjLlS-uij j 
.L^-oLu^i d-° (^1 Ldl <Jj 


. all I iu-1 1 ^_LC <LL^£II 


4jjL <j^C 11 d tt*s I1 1 


LlaJI ^ electrical voltage LiL^UI LkJ^ill 


6jl—!l t_. i l « Ai j d-lj —l 1 .dl_tdl -U> 1 Q t ^ul—2k.l \ \ r 

JLaI->l ^J[ JaL^kJI lj_A (^ .LiL, Aj> j) ^ T<. ^ 1 1 oLj^lUVI 
> j ^l A_I_aLiJI cJi dLdl J-LLo j ^ \ ciLj^i^JVI 


j 1 * aU I ^ a 


<La-lj_aJI ^uLi 5 j j-A idjdllj 



iaJ^iJI 

VOltiaJ^JUl 

3j —^—II <*_i 

Lh Jt j ^ ,o jj- ^ ^ I I 

a_ 5LLII d-° ^-^-1^ ^ 

6^ J-LJ 

^Jl A-U$ t d-a AdLd l 
(5^1 


voltmeter y^Ui ^di 


\ ^ " ,,. \ 4 I t A 

J^JI djjiJI juLS I 

Jal—L> L_1 "-k ^ d-»-» 

.4_LL^$JI SjIjJI 





























































JSI>UI 


j.. i ^vt Li ^oiiL} ^l^ji jLh-U ji^a ^a conductors Jal^UI 

^Vi jjbuji ^ ^ ^ S ‘^ JI ^ , > LJ, ^ ^ 

jJSi ^ ^ ( jjjLxUI &1 3 *AUIj ^ SUJI ^ 

.Uzk\\ 3 oJbjJU iijlAA <0*3 Jj *U^-L1 2J^ o-u^ LAlaiLLcul Jal^UI 



Jal^iJt t \^\ 

.*11...I I ol3 ;-N ^^j-aJI :<_ijL;_> 4^JI ^ La^ JjLc^j .Jil^j-U 

s ^-.-^.i i ji o^L^JIj .solid conductors 

jx, La£ .^I^JI dLJI olj .stranded conductors 

l Ij J l O^t uo ^aJI 1—ol .(jfj-O j J ~> .J ' *11 ' “ (j-» ‘I 0 ° 

*\ ~ * - 

1 fl ^ J£ (j^Aj jl) Jj^> (3-0 

•>=^ 

4AjLDI 4 j 1^^a-ll 

LojLLo ^1 ^Li£ superconductivity UjUJI a^L^aII t;r ^ 

J * \ a \ \r VI 1 (j * jLLoj V A^ax^sL^JI £> j-A 3^1 J .^L^^JI 

3I IAj j.^. . ar^X I .a .^1 <a^ \aII Sjlj-aJI oL^»jJ ^ jI^aJI 3 -0 
3I J_» ,cdjLj_uJIj 3 jL*-JI l5 -Lc IcmxiaJ a_ULLII a j I ,^ ^a 1 I 

.aJLjLs a 11 ,^-n j^o 1. Aj I ^ j_p <s^_fl3^JI jI^-aJI 


.Jalj-UI j^I Sjj<r>^AJI 4 -ujjLa 3JI d^LujVl 




























i-ajULdl 

^ JiljjJI ^ resistance i^LiJI 

*jL>^ t_yJ[ AJLsUa L^J^J ^L^iLII jLlll jij3 L>jLLo 

jJa-L^ll L aK ) (JiLlil j-*-ll £-JaiLAJI ^_IiL A_ojLUI J^oIxU 
L^J_£) JJaLJI 5jlj-^ (a_-ojL_LJI ojIJ LS _^j_*JI 

• (L> jLLJI ojIj AJjl^ a_a.j j ojIj 


Ji: ^ dMcul 


j^JJLA^jVl dMcul 

tUR* ^ aluminum wires ^^JVI dMJ r w-.,.~ 

L-& L^MujI a_JLJI ^L^SJI 6j-clcI g.1 ^<11 

diL^I L5 _l_c jxLd aJj3_*-o ^a£ 

-clh H ) * I I LV-uul ^^AjC. ^ j _v \ 1VI 

■ ^ 1 ^ 


Lo jli^JI aJ>L ohm ^jVl c_s>4 

O-^ ^hH-^l SjIjJI ^ J-OJ <4aaL^_$ 6jIJ 
.(Q) Li-x-ojl ^L^aJI ^-a^JL ^jVI JjLojj .j Uji 




fi 1 j>iU 

Ohm's ^jl oj^U jlijj 
Lf-? a_jM-*-JLa law 

A . j U —1 j_2_II 


^ I I ^ a^ajLLJI j 

ilco Georg Ohm ^jl 
uj^UJI (j^t jj .1827 
A_JaJj_Lll SjLjJ ^1 I f 
‘jUh-^I ^ J Ljj ^Jl 

1—a—!s_v i 

jLiaJI A-ojlJLdl 

:A_5Mj»JLj A \c j v -l, \j 


JaljLJI oLuul 

6^? a_L^La jIj_a ^ semiconductors JJljjJl *i * rJ 
^jl I I 6JjA-a Aa-a^J VI Vj -tjjl^dlj (J-5l ^_$aJI 

^ ^AaJI ^J^AJ La£ <J_5I^aJI a l 1 fl» I jA_C jAU 
>v< ^ L-^-o Ijj j Jilj_JI 6 Liu I ^a»_1j dJjJ Aa^aaaj l ^ v q 

J^^l *LiJ ^ j^klJI ^jl jlj .olLj^>lUVI 

r * * ^ 

■'-^*-aj >iSlj jAaasI JiLujJI 

.Jj ^jl_<. . ,l l :JsljUl iUiJ ^ SJloVl 

.JaljjJI <>Luui ^i> j^<j !_■■■■ ii 


0 






























Lj-iV ^ <L l^fuu Uj^H- 1 - 1 V J, > d insulators Jj'^- 11 

djjbdl jI^aJI jAj ijA 

f.\j ^Jjj JbQoAJtj 






JjI^jlJI ^Ij Vl ojI 

j[ ^L>J^U S jjU^J I jLjVI ^j- 0 LUjLSjJ ^jikJLuxJ 

.Ll^j I jA^ i o' 

^Jl ^ jUlJI j-s^u I jlj J5L» ^L^VI 

^ 6* c> ^ <.LA£.I ^ UL a^U 

. Jjl jaJI ^1 j^JLujLj g-L>j$I <3-° LlxuJa_>l 


4jjbUI 4jhxUI 


dVL/VU insulation coverings Ujlxi\ 4-dai.VI 
‘^jLp^ Lh^^UI jl 4 ^IjUI o-a 
*^*£11 JjVl J^I^JI ^ .iL> ^jj3j LJUill 
JJL_J ^1 VMj-1^ VjLc klLJI 



































^ Jjlj^ suspension insulators JaLoJI 

SjLt a<djL>j4^ Jjl*j j 

iJL«JI oljLilil ^jJaIJI j .(<j)L* l jj-Jl) 

•C5j^l ^L<u V J , 2 I U \ J a 11 


^Ijillj porcelain jlj_JI l i. 1 2 \ ^ Jjlj_*j| ^ i 

* 

J-^il JjIjhJI j-xJj .rubbber LLkJlj plastics 

6^ 1^-1 O-^JI <1 ^-aL_) L ^ \ *s 1j < Jjlj_xJI 

■W.'^:'- ; . A_1 \ > I jJJ I * > t ^ 5 V t I a l^L^xicul 


j \ y JjLl o^> ^ II 


6^ j * 1 c^j-^- 11 j 1 polypropylene 
JjIjjJI o^J ^jbj ^polyethylene 

c^jL^ IjJ (< aKl (J_51 l ^ \*C 1 j A q c\ 2 i a j a. 11 
^SssJLuuJ -UL UaI I J_3L_J ^Jj .Lolj^JLcul J&\ 

JIjLo d^Ltu^Ll 

^ J+*- vdiLul ^jLqju* 

.JU 



: mim~ - ^ 


- toHSp*- 'lj|* 

r § 



if'^55^ ’ t?tf!« 





Iff®* • i \\M 





M 5|j| v^3| U ' 

■1 \t 


^ l &aM 


... 

laHp W \\ 




j IB 























































ojQUI jUUlj jLiUt 


dLaii ^ j^Lub ^b*£ jLh y> direct current (DC) j*i u^Ji jUUi 
^ix. Luj$ iita. j^xj alternating current (AC) o$bUi j^h-H 6* 

J A "i , t j A J I jLiUJI ^JjUbljJI j AAULA ^L»j 4 £ jUj c 5 -U- djU. .JaLUl 

^ jLiUi^ :SjUI ^a ^luxJI jUUI i>J 

.JjUbJI ^a ^Slaij V <ul Vl <Sj4^Vl jaxj Jaxxu_J ^aIuxaJI jL-h-II 



.SjJlJI 4-dlx J^Uul ^-lfc Jill ojlHa jLlJ 


j a 1 11.1 aJ I jUUI jjLuauk 


.j-a1uxa1I jLjJlU I^h=w batteries oLjjLMI 

r l .j^ll ^)-o j ^I A-j jl U vll A \i (_£ 11 j\ ^ 

. Aaj I 


^ I i j 1 U i 1 1 ax^Ha Jl£*l 



4 cl U I I L~\ \ _I 

■ \ .^1 ^Lh^J! 
d ^ - s 4 

a_ijLL_JI e_a_!L_i-jj 
pi_al <aJ J—o Sjl—c 



(^jjl Wa 1 \ jLuJI 
jLi3 jj* alternating current VJ LnJI jUiJI 

-s i ^" 1 ^JS Vjl jLilll j-cu .A_llLua cJjlS A_aL^»I jIaj 

JXJ .j Ia JI ^11 jW^i L^l 

1 \ ^ ^< 1 dJ ^ jiajiil Jj-vj 

«* (■ 

^a l.uJ ,^L^JI ^yjl jLflJ Ji ‘*JJ Jl Jl biJ 

J surges (jLU^JI Jia -o^bJI a U4VI J 
jUlJI LajVm ^yJI 0J5 Jl Jjfc u*-±ij -*JJ JU jfAtaJlVI 
.jLiill Jjjj-j aj^.lJI a_jjL11I J 






























-J L 


Jl jllj \ 2 Nil 


JjLUl ^ ojLiUI 

JjVi f LjVl ^ 


^—II aLS *L_> 


o uV — 1 ‘- M U L 

jLldJI 






A_J»I IjJ-^j of* 




(J-il k >j 1—I jLiJlU 

O— 0 jf^l 


cd^l^_iLujl 
1 __iILoJI jUlJI ^J| 

.dJ^J 



6* ^jJI ojLUJI jLiUI iLj^JI JjLu^JI ^jiLLu. 


: 4 ^ j ; uuTJ** ce " <w; ^ 

x* , ~ WA< -^£ i 

= <-L. U - . '-Mif/j 


: o/J 


•VjUi, L - ^L*S// 





J .' . „.,60 ^ 


„. -vii\ 



ojLiUI jLiiJI 

L_jl^-aj j--qJLuxaJI jL f 1 I I jLllJI jLaJI jl_JLaj 


Sj, \ i I I 


■?\>-J f- 




.J^I—I-aJI ^ f f t ** < 1 1 o l iiu \ a 11 4 t \ \ _ ^ K I I 

^ * ij r^ *L>1 ^-A ■ t_ \- 1*1 .dl1 j l.Tl 11 <J2 j L } 1 ^ A 1^ 

4_Li^j Ij-J 4—a jJJa-a 4 _aj 3 ^ I [ J 1 ^ ~ 1 1 JI 4 t U I j a 11 

.transformer Jj^JI kt„. : ...^u ^c j i 

AJjC- 1,.\ idll lj_A ^_Ll J-ojLjj 

.c-jjLilJI jLilll jJt jlflJI o-o La a y * V<r., 


4- \ \^ j A d Id ♦ i 


























I<j -va 2a \ c. U ^ a II <> j-& ^j S"<m"ij CjLIs^a ^ generation 

^ .< >m< t aI i iaLLJi jj-v"»i generator ^l^ji jJ^Ji Jj- i .^ u ^uia U+s. 

*Ldl jj\.Aill <LdLt jl j&\ ^ » J . d aJI jLxJ'i j ^- 11 - 1 A - 1 ^ - 11 i' 

^i «j ^< I I cjLaIxJI jisi *j3<*-i jl ^} I ' 4kH9 



.nQ v A_i_la_l j) C 11 i ft k >I £— 

dl^LujVl .CjLaI ^..>1 6 J-C. 

1 ~1 ,*a\\ Jl ^j—£. 6jjl—^a-11 

0 -*L-.Vl , 4 I -.v.J J;^ 1 ) 

.. s l'o "ii.iaII CjL^.L^. AjiaJjiJJ £_j>j 

Jao 3 ^ transformer drum Ajl^k^l J£ 

.UJ> 240 Jl ^ L^^i-Jijj <*L>j- 4 -U! 

ialjJI ^_Lc J.A.!■> jlj-*-> 6 jLc J3-^a1I J[ ^-L-?J $ ^ H 


£*}>* 

.grids ^ iJJ^J S*^ 

^J| 1 ^ 3 ) ^ f-l ^ ^ 1 1 I *1*11 4 j In lj) ft .11 ^ *nj ft ^ * 6jl—C. 

j£» 3 )-° ^<£ 4 ^ J-l£- 

.power stations L^L^^I Sj^iJI oLL^ J &JJ 3 l^I 
substations 1+jl jJJI ol U . ^ JI J 

obl-o jl olj.iiic 3^0 a-JqJj-s ^j Aftn J AJ 3 L 1 II c^V j^ aII 

6 j-A .JkJj-ft 1 0.000 3 )-° <J5I Jl CjUaJ JJI ^-iV VI 

.^jjkl A_l£.jjS p i in^k^ cdJ j J^l ^ j I nl ^-^-l 1 


^1 <^Lij 4^JI ^}j>i 
.JjUuJlj C>1 u>\aJIj ^ujL-aAJI 


.^LJI 






























£ f I J-JJaJI ^)-A-C e. i ^ ^ \ I 4~ 


J^IaJI ^ *Lj^£JI 

a^itl <j-o A-c.j- n-^/> j-i£. Jjjtj-dl ^1 sLi^SJI Jii ^xij 

c> ^b j ^=4 J^j Sj-itVl 6 oa .electricity poles 
jJ Ll^I j .ground wire ,^-^jl dL-j >s n 

LS-^ Jb 1 ^ 1 £*>-» ■' J>^dl ^ j\ 

L ^- 1 ^ 1 ' S.AAC.VI u-l^. 4-dj-o CjV_^_o .l^jj <jl .£_jj^lll 

JaJ^i 240 Sjj-5 J. fs r ^ ~i o_i -s . <JaJj_s 240 ^1 si >j g K I I SjjJs 

.(Jjl \ a \\ <_j jLaILcV l <_ijL^ 4<L11 oLoj^JI 


<l±l ^&ji ja* h ^u ^ a 

Sa ^ oLiU Ji L 4 iiJ S^Lc J! dj^l (jJt transmission substation 2ut>JI Jidl a j ..- 

phases jl^tJ ^ S^iJl SjjUI olk^. Jl <_4l_;^dJl Sj^iJl .transmission grid JUI ac.r.. 

. OI I 


yX II jLjXdJl 

.distribution bus ^-^-Jl jU^ll Jl J^JI ^ Sj jUI 
O- 0 6jjUI L5 JLJ-a2»JLll jLui^JI f 

CjVj^JI j aa\ I j $ 1 ~i\ a ^x.\ \ U Ij_a_j * jjj ~ II k j L ^ 

Ja^JI <LjJaJj_fl ^Jl <_JaJj_aJI 7 It jLxj-o ^_lx. A_i£ j^JI ^ ji . ^ I I 

(iJji 7200 ^1 j-^.) standard line voltage i^UDI 

6 ^-^-*Vl SjJbLlI L-a\ j \ <Ja^JLa^JI a \ I ^ 4 r ^ ^ a ! 

.A_jJLc A_i1^J ^ydju^i V I 

4 t C J^ JiLj 4 U -V A 








































-j i .-.a-.n .technology ^Ldaui ^ electronic devices JjLcu>ii 

JjLuj ^ pi ;> ViaJI jl VI Zj£\ i a £ J\ oLjjlaUt ^ 

.jjjLUI I (j ^I "i ^ j 



jj CjI pxu jjlfc J_d <ui ^Jl <4_1 jU O^-uol Ijjfc Lla^J ^ 4_4J3^JVl JjLuj^JI CjVLaa jt 

Uj^Ldl jUIi J1 a ^ .CjVLaJI oaA ^ jy^ 

iLijlidl qI jaaLSj (D VD) Jl 1 1 CjL^aJI 

.(juLUl * j a a J^ jL£a J£ ^ 


jl^ 


_,~i< aJI 

* * 

^ J (? 7" ^ ^aII \ — o I j— j— uj I 

oLi^LJJIj ^Udl 
^ I ^ lj—11 

£j\ _i^__LoLaJI^ A-A—ujUiJl oVVlj 

6J-A -(j-^j ) J > ^J-^Jl) 

Lao A_ij|j 6jfl a I iJ_>Luj^J! 

. A_lL*_a j 6jAo \ o U ^ > 


r 


JJ^ldl ^ oLdjjiSJVl 

p <* * 

J-* <SJ^ ^ >u u 

^u!j_ 2*J ^3— 0 ^J—J Sj $ > VI 

i^jJLxJI a a!a \j ^Jl a \^j< aj^a!I i_>L aJI 

l i \\ y\ J_jLjuujJI (j —°j .a \ \ <a *iJ l 


_ )JaII *j fl ^ I :A _jj jj_jca)I A j,.J j \a!1 

(<_ia_ 5 jJI a_c ,1 «aJ 1 ^ <t_a_jL^_JI^ <jl ^ 1 *\ 1 1 ^ 


.p-l^^ II i ^ <aJLuxxJI^ <Aj^ ^LaJI^ 



. Jj\, ^ ll J.«*iX I aJLuxII ^1 jAJLuuI 

____ ^0B )-. 













































XtatwSloi. 


Oecembe? 23 . Wi 
•50 Years and Counting 


,\tro«liCtron\« ^roup 


^jJLuaJI ^JLx-aJI^ jJ- jIJUI ^1 JLLI 

J 1947 ti«i transistor jJLujJI Ij JJ J Jl=J Jl 
oLcIJ lU lI J*: Bell Laboratories ol jy K * 

J jJJ .oLj->j 1VI <J_jJL!Luj-o J5L.U ^ j_ll X—11 (jj-JLJI 

single-chip a_JL_ 5^JI , \ ^ ^ j ^ £_JLjl_* ^ : A ^ 

^ cM c> 4004 JiL ^j microporcessor 
.LjLj L-o JL*-o JJ 4004 Jijl (j^j 


JjjxujlJI jJUI oLcJJAI 



1904 

.^js_i*i 

L J—o_^JI 
J thermionic valve 
V I A^JUU Li I 


chi J JH OJ^ 


<^_c^iLkI j_sj .diode 

JJJ^I CJ>^ 

John Ambrose 
.Fleming 

CjI Jluj S J-C JJLjj 
C 5 J J 

JL Lee De Forest 
.triode ^jMill 


jL (j^?^ e-La_Lc A_j^Lj J_i_S j J<.gj JIjJl JLk 1 
^LLjj Walter H. Brattain ^1 j_i ^iJI jj John Bardeen 
j^_L Jl J j^VI I La (jJ S* j .William Shockly J£ J* 
Regency 1 j u ^uA^j L£jL jo jJ-^jlj ^LjJu JJ 


.1954 Lux, TR1 



oLJjJSJVl jJLi 


J 5 pi -i ijJi^JVl cLL$ j Lc. ^_ujLlJI LjLLJI oLjIj-j Jj 
J^Vl L Q / ^ \ 1 1 ^Ji O j -^k j 11 Cij£ J Li j . 6 J-J Jl L$_lL.^_o 

^JLjj <4 _s1i^a]I g- L !\ 11 jjLxo Jx. Jux ^LJI lJ*JI J® 


Alessandro Volta Ll) j_i jjjLl ^ II £ j~J J LJ j j* 

L**J 3 I jiuC ^_uj 1 J I I Clil LUdUiAAi ^ . A_i_jLI LjjLkjJI 

A_x_JL VI J—\ jLkl J[ CjI j 1VI Js Jj 3—-^ f-ll 

A_^_iLaLI JjLuJ l >j cathode tube Ajao^JI 



\J\ 

. . J, 






o 

o 




A-jji.^,11 oUJL*-aJIj integrated circuit s_>lJl ^1jii.1 ^J 

microprocessors 

— oUj^VI SaVj Jl 

(j -«l ' . 4 'i ) '. ^ 1 1 

jJ JjLoJ l 6jjfc 
^_2k.Vl A_fit_^ 

Oil .<_i_i^^ 3 ^jy I 

J—ij- 1=1 - 3 J 

aJlj j^JI dj 1 ^ i1VI 

_j_ivi ^i^i 


optic fibers <j^=>JI 


jl i i i 


^jul—— II pi u«i— uj^ 

touch .screens 



































<Lijj-udLuUI 


JajGj .electronic components iu^S-iVi j^QxJi ^ 34 n\* 

Joa jAx i ^4 LajLi^S a -v ,r. a II oLj_luj_^JI jl Vl ^ jj h i<n ^_Lt 


^ 3 .semiconductors jsi^ui oLuijj thermionic valve ^>>Vi 

<^k i~« ^ a J[^\ 3 p.i -v ij jl^ji ^4 


i a a i-v ^ ,a_sLsJ J5LJ ^_a inductors (.~»i ~>i 11 ^l) cjL^j^aII 

, * * * 

j ^1 1 4 ^ ~ ' j ^I l i xxi^i 1-51 i * —o V1 ^ ^ JjLjlJ! 

^ lc. > i*> 11 j iiiliJ ^_Lc d) oLc^j^aII 

<Ljl ,^-cjj^-oJl capacitance a > ^ a i a ^ 11 j^ti 

.self-resonant frequency jJl ^1 j jj oU ^ 




SPRAGUE 

POWERLYTIC® 

36DE 

81000-40DC 
87261 2201 

MADE IN USA 
+95°C 


'CMS 

rau“1 fr 
\95MfjS 

+ 5 (rf ?<> % 
aV- 1 t* 


. a-i LU^JI^ -vI ^ SfI Jl < ,r,Vl g a l~. \ a ^UlujI^a , 

£jjjI ^aJI 

a ^ f- # f 

ol x< aiI ^j .Sjjjo-saJI jiic L$_alL.jj Llsj-o a^Lj^JI a \^ iu 11 sljl condenser », a^^ll ^1 capacitor £_uJ 

-Liajlu-JI a Kjl ^_aJLL jj . ^ji l_iI ^LLllI Se-La^ j < A-LLi^11 SjjJLlI Ja a jK1 j-aJ 1 JaLa^JJ 


. Jjlx. I ^ \ (J^aJL) J^-iiaL> 

anode j^uax vL$ e_aJLi_i ^-aj <j_^.Ij aLaJil g-Lij^ll <Ll_aL» a_l« a_L_uj^ ^_a diode ^jLUJI 

^ numeric displays ^^^Jl ^^1 ^ light emitting diodes (LEDs) *j^aU Sjj^JI c^L^LiiJI j .cathode 






























31 s-ii i 4-i-ijj"^ 1[ a I j M j transistor jj~i ^>3-*I jUJI 

-Lo-aIj-o A_j^Lj A_1j < 4—L_S \—Ik_J I A. i tli (J_jil— uj jJI ^j—o j__Aj <jl .ili-.ll 


j Lilli 3 _$JjLa ^k^rk. ill -L-aIj-oJI Jj^.1 


.terminals 


source ^ ILa caMUI -kJjJl ^ji 3 .^j^VI >jJl 
^_Lc A_ilaJjJs Lojjx .j .drain l_sj<^.q11j Qate a_aIj_jJIj 

.i— sjj-<a-<ilI j j_iLJI jjlj jUiJl <_ilj vii 

1_UJ I , )_JLJ ) Q *1 IXX ) ) _> I >lll > ^ A “ ... \ A 


6ijLul ^ i*T\ 


J^k.1 jJAxuJj-*IJ^-lI £«-lS AjlLsL^ (J-OJlIIj <A_AJ>Laj^^ 

^ t^^wilill i_>j_ujLkJI .A-x-olij-ll oljl jl A <A ij^jJl ju^r>l-ix.il 

^ 3^iJ .olj^uoJ^ljllI 3^^-° lt^- 

.robot (iaj_>jjJl) ^il^ j jaII 3 -o U±* J£ 


^jtiLdl 


j_a (a-ojLa-cJI jl) resistor ^jl_L<JI 

(jul_5_jj a— a jl _<LoJ!_ j 6j_jj j_i 3-j^)' L 3-c. jLjJsJl _a 

■ A 1.0 Vl Aj^.jJ J ^.jllLdl A A\ $ ; ^ir. (J J_A ^A jl 3°J CaI-O jLa-o_L1j 

V-a A^Ja jja^JVI oljljJI ^ \ S. y CaI _ojLLoJI ^ J_£k_li_uAj J 

.^LIjlLuiI 

fixed a_il_a1__j ol ojl iL-o :cj! oj 1 iLL1 3—° 3 ^ ~ ^ Q \ ^j ij 

^jLLJJ .variable resistors sjkLLo oL>jLLoj <resistors 

(J_a JJLj 3l^ j_aHoJ I ^ jLLoJI l—o I <AH_aLj ^ j I 4 -o_a_S Cj-a1—lII 

.^aJJI-O jl ^AJ_Aj^ frl PxiC. 3-0 SjLc ^kjLLoJI £_lu<a_AJ .A-o_ijS 



















^Jx Sjlj ^ 3 jjjLLa cjL^JLjca 


4 _^J-dl SjljJI 


jaVt L<r ii. jj"<iau> <uoi jnh.u$ &a ^_ajLi3 ociaj iatij integrated circuit 4 ^-aj^ji SjijJi 

Jack Kilby ^ idLa. ^us ciLa^LiLaJLS oijjptujjji ji i Laa I <>$<A>n << 

(>a Robert Noyce c *.jjjjj Texas Instruments oIjjVi Is .i i.^i luuu^ 

oi/nuns ia^jA SjIj Jji Fairchild Semiconductor jai^ui oUJjV jaUujja 

CiIj-*-a 1I3 ^jjjLuaJI oLaJbLAJL£ J_iLujjJI j-A jt^ II a^ajaJI ciljljJI ^ ^.^.oLaJI j^aJI 

■oljl. j.i.allj ^ jj ■ ^ » Hj 4_i.aLA».uJI 


4 ^ rtjrtll SjljJI 

jl) oljlJI (j-a j^jala ^yll _l^lj (j-a Jjl A_^_a_LaJI Sjljil jj^-aj 

flip-flops i_>^_5Jl oljljJlj logic gates JuikiJi (oLJj-Jl 
^ <c$> lVi oIjIJIj multiplexers Loja-iJI JL^sVI ol^jj 

a J-A ^ ^ J^a j .Aj»_4j-a ">lj“ aj K a aj£ (^JJLAa V Aa^Luaa 

A_a_L^ a A. \lj ,6 jJ_L1I ' j - A I a j , 4 j U c 4 Cj ... ^Jl oljl j-JI 

a j Ji~i I ^:i__i 1 La j A -> a JaJI a j J1~. iJI oljlj—II j—1—Jj _> ,/n* II 

active filtering JL*_iJI ^ _, l jiJIj amplification ^ , a ~ M S 
.dJj ^1 Laj mixing 3 demodulation aJI^ 



A ^ a . a ijl J 
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cjiISA.II^ ^ 

■***1*11 a. * C ‘ I -**** J IB-L- 


o joojL^JI oLalij ^k Jil^UI ^LlujI 

computer ^- uj l ^.11 ol—Sl—Sj (J_sl^_iJI &l \ <i»l ^,.\ ^ ^ tu\ 

S^l^aJI ^-3 ^ J_aLJI a. \ lit < _s^ t .chips 

6j lj_a* A^j J aJJ) i A_ajLjj^_^ A_J_fiLj aJj < A.x.Ai.^..\,all 

.^£^a.VI A-ij L>j ^11 (JjflljA-ll (JJjl A.IaJ ft L> <jl £-0 <Aj8jjLII 



^jaJI Jy>^ jc-aj 


_$ y ^ 4 N 


jg^a l \ 3t U Q Ijj *jJIXL.) j-> IjlJ I JJ-3LA A ^ ^ jJ I Cj I jl jJ I v Q \ 

: W^J^ ^5^1 c£>^^ 



:small-scale integration (SSI) JaI^JI ^oJI 

100 SJli^JI 

medium-scale integration ^j^JI la_^ j_jlJI £—ojJ! 
3.000—100 a si flj— Jl :(MSI) 

large-scale ^<1 1 ^>Jl 
iiLi_>JI :integration (LSI) 
100.000-3.000 oe —i 

Vjjafll 


<_fcH 


very large-scale ^aJI * _■ u ■ 


E-* 


jJI 


:integration (VLSI) 
1 . 000 . 000 - 100.000 
ultra large-scale integration ^aJI j^Lidl £_<,jJI 
j .. <~ i—I—o a I A—sl—j jJI » jj) :(ULSI) 


^ 0^ £-* J 



























^ : UaJI 



printed circuit board (PCB) Sjijji 

CiLj^^aJIj oL^Lfl jJI I ^ I c ^ s _« &J d ^ _« k IA ^J_A 

Sjlj <L^jJ ij-A .J ...I ->■ II ■ a II "< .j,j_^Vl ^ .' '*; 

_ji cards oLal h 111 I < n l ^xii jisi ji 4 c -j a 
^V l i^jUi :oU.>lii diA jsidj .adapters oLdL^di 
.expansion board iju^di .motherboard 

(^Vt n .daughter card SjjJjJI Z*\ ^ 

network 26+id\ ^uUj £aUa_»3 .controller board 
.video adapter ^uj^uJi .interface card 


d Cl j y \ I I SjljJI olj-^ 

printes wires "i*.j»k * d^LJ ^ ix.^ ikJI SjIjJI a^ jJ 
A-cjik^ll d^LuVl .insulator sheet iJjU 

JjLxJI cj xjjj .tracks dJLodl jl traces oljLJL 5J51UI 
oL^.j-1 ^Ajl. j ^ \ .^>4j .substrate a,_iKiJI ^ 

AJ) J 11 d>l^)\_tu-o A_si__ ) A f ^ . U a 11 £^|j_J| 

oljlj-ll Jl )'k U> x a £_1 ^^*>3 .A jJuxa I 


L«. Q 0 A »iU> a! I 



l ~v i 11 (^j-o A 1 U> ^.^LLa-i <Lcj) 1 U> ^ 11 

^ju 1 ^ \ II AJIjl <l....^ . 1 *\ 


,A_) j^a Sjl J 


Jj 1 a 1 j *i < 1 i V I 

(J-aaJJ a_^ox-^cJI A-cj). iU a a!I cJjIjJI cjI^.^- 1 ^ j)~ 

^1 ^1 ^l^JI ^ya > v_aJ I A^_i j l_j^J I ^1 

OU>.jJ ^y-^X > .A^Lj^JI qLjj^xvII ^ya Sjlj^dl 

< l J JI J-oL^JLj A_j Jj<LiJ A-Cj) i KaII CjIjI jJI 

a-c j) i UxvJI oljljJI uU jJ j .flex circuits aj»^JI oljl^JL-j 

A_j^-0 L-a_) I J A.1 XAuJ I ^ "V VI jl Cj I^A-O l£J I 6 J J)^ J)^l I 

3_}_=JI ^ ^-1 WJa 0^ j 


. Pao, ^"'j 

^^1943-. ' ^ o/ J# 

raGf, °s 

7Q V ^ /ct ^/u^ • 

^c,_ ^ 19 48 i, ‘ 

v^U//• ^ aa ^v/./ 

L«"4x / 






























.PCB 


I C-j tU a ^|j| j 


. PO B ^ lU A II ^ IJI jJ I t^U A 




o 


.PCB <Lfc^ iUaII oljlj-H 4^.jJ \CL 



^Au=uj\ 

\ —ol 4 I—^ ^ ^ 11 ^1 cj L_i—VI ^_uj j_l_^_-o ^ a . * 

A_^^J | tai | d> 1 1^> lr*1 ^ O 1 L_J \ a 1 ^ a a i v Q 1 ^ * 1 i~> L> "v a 

^ ■l A *, o A \t^i^\"\ 6jLf-o JJLJ <LcoljljJI 

A_L^Ja 6^)« l i C . Cj-uj 5 J-^.I^ 4 f ^ % U /J I ol^ljJI —'^ ^ 

6 JX ^ J. ^ *\ Ui .{[ ^ <^>X \ J 4_-o_^»aJlo) 4 t -v ^1 Q ,^n 4 1 c l \ 
> A-Xj )) U r> 1 1 Cj\ jIJI A^x ^J I ^ajLjl-o^ oLilij 

.UKiJI Uxlij 6^>-iA «^>j ^ j II 4 1 ^j^SLj 


<Lfc^. iI^aJI oljlj-ll jJ CjL\ a 

^ a_^ jJJI :core material L^L^VI jlj^JI 
a_ux»Lix_> ^c_jI <a \ SLLjLo ^ III j-l^jJI jc-IjIj <j-o a A.^> 

a_j±j j :pre-preg material a^iiII SjL> 

cJ J A j <S j ^c-Jil \ ts> J *\ P j ^-1 C ^_jLjj A_i_ujl— uj VI 6 J Loll 


^ ^„ v a ^j^.copper foil a ^ l ^ 1 1 1 a_£L5^JI 

.^ ^>11 1 A_j^)j 11 A_j^_fljJI S J l—o ^jJlj ^ I ^JS 


A_jiL^I ajLlj :copper plating ^UjJI *MkJI 

<_jjX-UI jl J-^. oLljl A^Sk.jUI ^J| l o i , A~ ^ 1 aAl l 

.5J)-a 1—^Jl a^ jllI a_c a \ I 

SjLo :solder mask ^lJji ^ a_jL 5^Jl a_^A^ 

jUI ^ 14 - 1 1 ~> J Jj^-? i^jlll ml 


■r 


UiJI 


























































<Luu.j.bl 1 X aJI 


j_u oj-r*J i i la’i 4_ixdL^ magnetism < ?jmjM '<*a Ji 

.lodestone ....ui ; 4 A n j ^a t hm N '< * a 



o^xljA^Ij okjkj 


j \ \ % 11 dJj-4 A_jl Ij ) ^fi u ^j-o J^l 

I I j_A ASj .Jiiill pi AUjgy 6jjUI dil-aj 4_jLa 

f. (■ * 

^ 1600 a_j_uj ^Jlj^. -^Lc. ^j-o jL^A-oLc 

joixJI Jxi jj William Gilbert o^L lLj 6^ 


t **t \^ ^ \0 < 4 \\u> 1 \4 a! 14 \ ^ U\ \ i—jiL->j <cj 1 1 \ Xi a ! 4 


JL^a ^ oLsl r^VsVl j oLcI^llVI ^-o j j-*J 3-j^ 4_II ^Ijkl^ 

_ 4 t... > l^ 1 1 4 a! I 


Oj) 1 a ^Lj-Lj 


4 v I 1 . <. t » f \. | \ . 4 t.n >U 1 \ 4 a! I 1 i | * I ^ ^ 1—J-Ll^ JJU 

1 > 1 j 1 ll i£LJJ Lu«aL^. I * t tU >cj ,1600 a_1xu a_a1LJI i^UII 

4 t ,n \ U>1 ,4 aI I I j) ^11 ^_Lc oljl m I 6 J-3-J O^)i I ^ ^ 1—5 .^4^ I 


j /v x I I ^jjlj a_5^LxJI ^-4-fl JjI-^j ^ ^ *-1 

The Magnet "^jku. a] I 6 Lacu I V > 1 A_J l_S 1 <lll^ I 

.^_y^j A 4i^Jal v4 aII ^_yA lj) 'O1 ^-wj A_j_fl^ 


; 4 1 «.. > < 1 i4 aI | 4 1 1 1 x 1 1 

magnetic compass iiuula^ 1 a_L^jJI ^ 

\ \ \ ^ 11 j .A \ ^11 IJ \ A I d> 4 j*^l (J^l 

^ Ji. \U 1 \k aII ^j| 1^ ^ ij) J '*0^1 4 l ; ^ ^-J ^ J^*ll *jl ^J-0 (J^l 

: J J) ^ I . > ij) —^JLcluj 6 1 ^ > I ( ^J[ L-a_>lj J \ T xi j (J^ 

a I i^ j-UI ^ "1 ^jjl Jjl u^j •Jj-'®* J -*—? 

\ 1 I I ^_cj_j ^^_J__LS_>I a I^j A A j lal—LJLall 

.^j^L-JI j!**. ^lill j^l ^ Alexander Neckham 


fU^- 1 j 


^bjMJ a j , n jUI \k aJI ^^iJI 

^11^ ^^jVl o' j-jLuJI Jjj-LII oj-^-4 ^4-bj 

t t ... t U1 \ 4 ^ j n L a ^jl J_2fc. ^ l _(A j (jj \-Jq I—\ 4 -o 

._>Uai ij ,North Pole ^LaJiJI _^Uol i magnetic poles 

.South Pole ^^Jl 























jx^aJI oLiLb_JIj jl a" t i Vi jjl ^ l u a 


credit cards ^Ui^l 0 ULL 4 ^l^»l 
a Ai^jiL. ATM cards ^Vl ^alj^Jlj debit cards 

a_ijjj-cAJI oLoj-U-JI ,JS j_2^I 

^-L. ^ .i^jL L i.a aI I A L j jJJ 1 &J-A ^ v A ~ ,^"\j) 4 c l U . 1 1 , >^ 1 < 

.^JL*JI 4_al£ ^ 4 c l Uti l 


^ijJxLa oljliaS 

^1 jJ^Jl ^1 ^ ^ Maglev trains ^J£Lo oljLL 3 JajG 
^> 5i ^ i I L* ^jl Lo ^ « aj ^I (ji-tl U1 \ 4 aII 1 ^ ^ 1 


1 C l_-o Cl) 1^ 1 1*** 0 £_a^_)^ .4 > i.< > U 1 \ 9 a 1 1 4 \1 ^ /n t 



J^jjl ^ J^xj jLba 
oijt^»i i> aII 


<jl Lcj ,A_jj_fl A_ij Jju dLaLaJ 4 U,,, | 

6^ J a 1 L Cl> La 1^111 J^^_j ^ v "n. ^ 1 l^ C 1 1 

J3 1 A C ! A__i_jl_ \ j ^ K 1 1 

(■ * 

(jl LaixjjUI \4 ^ 

O^JJ .jLkUl j-ijj jl 

* 

l^j I Cl) 1^ l In a I1 6 ^ 1 

J\ J--2 

«._LL» ci> Lcj-uj 


.La/^500 


ix aJI ^jLjJLj Ja, iln \~i It 

magnetic resonance ^^KLjlJI ^^JL u,u^~n 
^ aJlLlxJI jlj^JI J \j^ ^ imaging (MRI) 

O -0 A_ilixll 6 j-A ^a<^> JJi j 4 c1~ A a 4 \ tU I \4 ^ C)VL^c 

f .Paul Lauterbur^jV Jj* *U 1 *J| 

oJ J O- 0 ^>' 1 J^ld Lo A_/^jJ ^ cu ^L LIxaII ^ijjJL) U*Ua~1I 
^( aj jL I v x a . 1 1 L^U a *1II jcLlojj a v\ i^.ll a ^ n. Vl ^Ij^jLul 

^Lo Jl£ LlaLu^J A_»^laJI 4 ^ ,* t \ VI ^ ^j£. l c~,<1 l ^_a 



^■a^jIoLjJLaJI Jl yll 

iikUl jjt magnetic field ji (ji^JI jl) Jl^JI 

i A. i<xijlnl ix r>1l 1 ^ t c Jaxj ^~ 1 1 \ U1 \4 a 1 1 > 4 U /sl l 

-L j) l r > 1 1 6 J—A *A—j l~> l \ % a 1 1 ) A U> i "v y\ ^ ^ U> A. > J ^ a * > 

.magnetic lines of force a^u s^ji : 


J-Iajj i u \ H \ x aI I ^ jj.A \ II £ ^iuJ <A_j_a_Aj U jUa 

^L-SJI ) J > \1 1 t_iJr> C II { ^yd A \ UU\ U>1 \ % aII 6 J 0 1 1 U A 
.closed loop a c 14 a a ci^v / j- a,a ^jLiiiJI 


qI Ai.» jhl. \x aJI 

jl^JI jl jj^JI ^ jJaS ^ magnets cdLu^UUjlJI 

^ 5 -^I jIj-aJI jLiajj .jVjAJI jl JjJ^JI ^yo C^J^-I ^Lc . 

j5L_dl^ \j v —- 11 *C — 1 ^ *. w i ^1 tUl \4 a 11 

.magnetized (a j < <i j ln l \ * a u \ 4 ^^ ~ ^1 ^ i c \ ^ ^ . \ c. 

Jj-Jlj .magnetic materials A^ujjlVlXA I jl j-o jl j_aJ 1 6 ^LA ^£.S1j 

W-j j ^ l lj s-xio^Jlj jjjJL^ 

.nonmagnetic materials a^^Ljla ^ J^a ^ ^. : u\;_^j| 

.I ^lialx a Vj 


ji.i^Ul 14 a ll oliuki 

^IjJkJLtuI Jjl (jL^ l r> l, \ > aI I d) j j 1 L *i ClX v ^ j_j 

d>(- 1 C Vjuj (^-^-11 aI^sj_J 1 ^ A ^u_lL 1 1 4 a 11 ^ a 1 o-v 

l.^ a j tju\ L l aII oVLxJI ^ ^ t^~ ^_a 4 ^ ti l 

d)l ' aj jL 1 \^ a 1 I ^ \a. \ 11 1 \j^ I ci) 1 "«^L 1 \4 a 1 I ci) 1 c t \ t>*> dj-iZL)I 

• LL) L . 1 ^k , U L^k. ^LVl 6 j-A 


^ n t iUl \4 a II ^^jUI 

A_j_) 1— C < aj 1 1 Cl)da 11 A_a j j a 11 Cl) 1^ 1 ■ A-n. 11 a j ^ 1 1 .~> a \ A *t ... | 

1 \ \ <^ 1 l ^ \ Jl£ a! 1 healing properties 


t> Id* Ua^a ^ 

Ai^ L a Jaxj^ .l^-AVI ^a jjjxJI a^JLuJ ^j^UI %4 aII 1 \I I 
dj-Ljj .aij H 1 x aII j-adlJI I j_)_a ^ 1 c 4 ill cn.1 l 1 LI \ j * 1 1 


. > 1 1 ^ f-^l l3-^ j 5jLj^ d>VLx 6d M-C ^ ^^ikLlxJI 


^jJJ A -a ,Aa^. 1 I ^^al^iJI j A.i x ~\ J .^J-j >a1L£JI jLuaa ^ J U \ ~ J 



aL^a^I ^Lul ^ ^iiLdlj 


A^.ttllol IX A Sjl^cul 





















































juiIoLJlJLj ^jxaIj ^jJIj ^ilaJI ^ojJI 

a «,,. 4 Uk i *4 4 >% m /sii \^ % ^.i 4 j^c 11 i_jjjfjt joiioi \% aJI ^^i Vi ■ ©l©ctrom3Qn6t 

diujl ^ UjUj^S IjUj OJ^JI (> OdaS Jj-^ Vjj*-A l£Ioj ^iij .I4J ^ Vd lj 

VLau» <Uj-^ j_La. oa dluJLi ja ^ jJI ^Lj^JI jUlll jV dJj OJ-^J .LLILaa .uj-aJI £-}u-aj 


j^bui jLiUi \xla j^-U. electromagnetism a mnia^sjt JajGj .i imiHii « 

<j .'.'•> a .US I ^ ^Ul I fl . .a*. SjiLJI ^ui^loi ''* dl Jl ^aJI . (ju i U aLixa VLa-A > s l I H I 11 

^ d^ljJI jl^lidj *\ ;jfl< n .uJjU A-dLijfSJI ol ,u..ilaL-JLA i l Viunj .jdib ji mM U aj ia^aliA 
J^jG dial Js jj ^a J-^aaj j r>j\ «u. r> j <jLa-liJI iujLJj JaliLulj <o j.n l -J l 



c. 1 4 j ^< 11 a «.m tUI «4 aJI j QV| 



A \ J-^j_a ^ 1 1 JL^dl 4jl (J—o 

L$JaI <jaS A-aJaLaj^JI Cj\ T xi l l dj^I3 ■ <i ^H^-?j4^ 

A 0 >k c ^O fd :j ( )<n ^ ...jU\ \4 aII jJ Vl .La^Laj^ IjLaJ J ^P aaA 

dJj Jx i *Zu<A\ jd-ojj jUj J£ l5 _uaaLLi*^ JL^-a aJ»I 

I j U< \ i 1 A * j .j I v v 1 1 A__a j a.> jj I d-S l.d I ^j-a 1 1 iX .o a j-£-a I— 1 a di C . 

^^ill Ja JSLL jLiill J^a. ^uJoLii-all JLa-all 

^J q ! \ \ I dJ-ujJI A_ili-o A_a^j»Ij CjI I A jl Ai jld \t ^1 1 


j>nhl ii.AU Su^Lxj^SJS jLSVl 

U.A . t> Q > ^ ^ \U. 1 14 ^ Jl "va d I hj ^-aJ I—aJjLC 

^. \ -v * ^ .dLJI ji v c A_il=J jJl ^ 3 1 A. ^ A j .AijLa 1 \ X aII ^jdl 

J «* (j-A-^- dL<dl_J j-oj ^j -) 1—aj ^^ -11 jl J *a I I ^jV dJ j 

jLidL jl P-11 I j-A ^j-CXaj .6jIj a Kr *i^ J-id-A A_i1jL^ 

.induced current J ^>^11 

^ ,.ujl~ J^-Sdl ^jA-Aj -k il l A_Laj-UJI i>J-$-A jI-xaJI (jAjj^a 

.electromagnetic induction 




















jAj j ^\\\ 

a_i_jL^£JI ol \* r>ll ^ *~*l ,n tU>l \4 aII JLJ! I 

J ^ulLj^S Jl j ^ 1 I 1 

4 1—^ ^ 1 1 i_ \j 1^ \ 1 ^j-.tju Lu VI I ^ I I 4 \ in \ ^ ^ 11 . 4 > > 1 1 

a_5LIq J| <-a *\ j > 1 ^ j^l l 4Jal_U II .r*j ^ <cJjJ^aII Jj 

l5 -Lc J <^>^v I J *\ <^uj 1">1 \ *.rjl ^Ij_^_1_jlu 1_> 4 > t l_^ K 

.,L^£JI 



^-lojJI jjJI 3 jxLa 

^ 11 J-JI 6d£.l_5 ^jisJLuxJ 

right-hand rule 

• ^ uj j l n l i* ^11 JL^aJI aL^aol 

^Li Sj-cLDI 6,1$ I LJLsj 

(J \a\ 4-jl_A_CU_] I £__i_L^| 

J jLaIJ J-oLJI JJaLJI 

J! ' I *■>_*_! I 

jUiJi *U;i 

.^JLJI J| -X^k^-O-1 I 


electromagnetic 4_ 


4. u \ 11 3JL)I 

-laj-4-^—II 3 j) ^ I I J—aJ-V t 1—i-A 


<jLiiJI a_h^ ^-u^liiJI JU^JI J strength 

(£ J-l I j l J d I I J Jo 4_ixu l \*\ ^> . t$ h ,x< ^ I ^ j) t s li... 1 1 ^ LJlJ 

.dlluJI 


0 - 





0 Ui^> S . ^ Qrsted jS-oa 


. k r.tr.om , \ 




\N'W' arn ^^ c+uraeon 
^ 823 *^* 


to 




^jLuj ^Jl 



4 J 5 LLL 4^-XiIu oLil^. 3j£, J ^r„ i 1 Lo .*11». , al > 
dL Jo_uj^ ^-oa 4 t < 1 . \lx 1 \4 a!I ,s^ c 11 U>^ |_Jj 4 i U> 

4_>L ^ \l l Jl l $ MjL^j (5-^1 o-° 4 <a 1 aH I 

.l_^-jUJ_fi_i dixJI ^<1 Q l-v ^ Ut \ "V t ^1 V. \-> 

J I A_3t,J.Hi^JL j 4 cl Q 1 11 L S 11" JjLo ^ f Jj 

.solenoid ^j-Ui ^_aJLJI 



4 -ijLj^SJI JjLujjJI 

CjI xaj lrtl \ x a 4_iJi L_i I CjI jJ ^aII^ Cj i ^ a 1 1 x \ *1 ...\ 

cd^ ^ - ql I (dj)^^ I 1 \ a. \ ^ ^ 1 . \ j) 4_ajI fj ^ 

} ( 4_i^_i_> 1-^-J-o 4_5Lia ^Jl 4 \ ^ I I 4 o l U I I ^_j> 1 \^ ^ K. I I 

4-5 Ua 4 j*\ \ \l.*\ j^ll 4 ol U II Lxj ^ K I I \ 1 j^J| Jj_^_j 


,^-u.t jIoLulaJI ^j_ijJLj ia-ilaJ^DI jL^_2w 


^UjLjjfUl CjLujMJjlJI oLAlj-iJuul 

4-j-i ^ 1 1 d) I 4_i_i I ^fl^l I 5 1 “* 1 I a! I ^ \ *\ < 11 " 

5^>4^Ij cjVLxlxJIj 4^aL^4£JI ^xjLS^JIj oIjIj^JI J-iiiij JLII 
L j> —A 1 1 oVj^JI Js \ —u«Ci_il i J U~\ ^.oLjJ-i ixi 11 

. 4-.1.U IjiJ I 4.x^>^4 v 1<f> g.| J| 4 \UI j^JI <_J|_xJI g-l ^ J (j < 11 

J ii « ** *» J 1 - ft ^ ^ IJjj 4 _aJ>1_jj ^ ^ II ol t u\ U[-\ xaII _ >* I ~ J 

4^-ujJI 4_jjL^I CaMsUJI j J ^xll ^ <^^ILall .“>V q ! ^^>1^1 U q I I 

^jjjjLxu^ dUj^.j^L^JIj j_^lJI ^J^LxJIj .monorail 

CaIj-S-oj .4 j \ U II ^^alj^VI J 4 v ^1 %j ^1 1 ,~t l ,A*\ Ul \ 4 ^1 1 
• ^ < xi jU l i x aI I IrAjU^*! IL$ ^ 1 1 



































£ 



d 41 m tUl i 4 aII j| pi uijhl \x aJLj I j \ j i n ^1 jI^aJI 

(j 2 >JLJ jjp^ e>-I L>^^J 1 ^ u ^ 1 iiLaJlj J-jJ ^ Jt :4 uu do ! i* a JI ^J-J-i jI^aJI 

\N jl IIj j 4 j^ 1 1 < jiiVl 1 * Lai j^v ^Jl< 4 \% \ ik pi mjhl \X a jI^aJI o±A 

.LxtUu^ d ~.U \4 a j< a >a ^JLi^JI^ 



J, I j.t «UI *t4 aII ^1 j S.~ujuI 
.j.jii.Vl jIjaJI !j£. 



,j L^j> ir * Ai ' 2 


ip 

o 



m 




<Ll£^aJIj ^lajIjJI oLuiil^LJuJI 

j^< > j ^ f*. q a! I jVJ_LJ 1 (2^-° A_Cj) \ q\ !r>l—H-aJI jj-CJ-i 


Cj 1 “• l U 1 \4 a\ 1_J 4 I \4 A 11 l ^yQ ^ A_J-<1^ (_£ J_l_> I clL> 1 ) <<ul I 

^ jl^JI ikiiLo a.aL^j .permanent magnets a_^UI 

d \ U r <1 Q -A jl^ S L1 <A_jj) * i^\ll ^_xJl—i A j I ^ C . 

^ Ir 1 ^ /.. Q\ ^jl 6JA ^ ^ ** 6^1-11 Joj)ln 

> * 

.reluctance ajIL^Lj a-ojLUI 6 ,1 a .SjLJI *1^1 J£ 

Lol .A_JLc <L*lLoo CjI j jl J-a l)-o ‘LajI jJI ol I aII u_ 111 _ 1 jj 


Oj^ 


jV ^1 UI I ^ \ \ \, a 11 a_3ljLaaJI ol j jI^-aJI 


JiUajaJI ^ If >j \<a 1 1 L^_»jJ <l \ i tja'* 4 U\4 ^\I a lfl.gj 1^ 1 ^1 1 

jl jd\ 6 1a J-i-o ^_c J_dj .A_l_»jJa 6 j~i 1 J 1 (j *4 J U*} lal \ X x > ^__1_C 


.temporary magnets oLuaUH-JL 


-©- 




















^ , t . iUl \4 aJI j -v ^11 


^ % \ ilo jn a 


A \x j via.11 oLu^LJuJI 

j*0 6 j-LXx^a ^ U 0 ._» w ^ \c S J \ Q 11 lA I a"\ ^Lll A A X \ \ U 11 jl V I 

..i t U.1 \ 4 a \\ \ ^xjj ,,.j U1_\ 4 Ail 


J—J J-^JI 


jj^L^-JI 1 4 a h *i Cl jjj .natural magnets l x* } iU II 

A v .^Ul \4 a\\ \ A_j|j J ^_Lc jj>j jl_£*j .p-LojiLlI j^_A_i_u-^J 1^ 

LjJL^. a ^* \ vU11 oL cxljIsLajL^JI j^.^a j 2600 <Cluj j\-q 

A_j V ^J^JLuaJ JJLJ l ^ l5vl J £CJ^>A-1I^ Cjl-J V^JI 

A Q11 Ji'l /x.jUl . 4 aII r-LL»| ^J^jluJI j-o ^c_Aju-al 


6 J^L Jl ^ 

loL ~^U^ 

All „ ^ ma9ne, s 

° VL ^*u-U/ 

^J-VU 



d i>.. iUi \4 a!j[ i II jI^aJI 
jjL^. ^ \x^> ^Jlc JoLL^JI ^_Lc 6j J-&JI jl^aJI i I 

jI^aJI j jIj-aJI 6J—A CJ_jj .Ia_L_fl ^a,xJol—1 -JLaJI j—o > )j £ II—A 

Jlo jjL*-JLj .paramagnetic materials a^jUIIaaIjLJI 

a J U1 \ 4 aII ^j^\X \ —) iJLi"\ *\ 1 ^ J) 1 V A 1VI ^ j^V*—1-JI^ ^ 11 


4 jm ikl \% aJI jI^aJI 

A_A J, t \^ll A . M, t U1 \_i^JI jl ^-aJI 

jIj^JI ferromagnetic materials 

J-J jl ^_o A U \ X a ^ 1 C 6jjl— aJI 

j< j \ IVI < c^L^JI^ cdl—j^-^JI^ jVj) $ IIj 


j_i jl I jl—fl <^^1 Inl \ X aII j-o A-_ij_S-o ^_1_C jj) *N " A_Ji_ 


.1 ^ *i > i<Ai > iJrsl \X ^ j J 1_5L^J I 6 j-A oils ^ jl.jUI \4 ^1 1 


^Jx J) 4 hj ^iUjloLiXA fuuy 

^ <ujt^l \%A ^>1^ jdAUJ 



(^^JI_o^aJI jl) ^ IUl a L j l^llj alnico 
^ jlj-JI ^ j^Jj permalloy 

^ \ ■ L 1 \ 4aI I t ** > ^ 1 -N. I ^ ~V < i j I j^A VI 

ls-Lc- a* LS-^ 5 Lr- 

jl JXA A t ... 11 ^1 1 1 ^ I ^ A 

.^UJI JL^JI Jl^ 

i **j I ^ ^ a "■^ ^ AI ^ »o J I^aJ I 6 J—A 

A I l_g_I . *i II Cj\ —<-aA__Lal—LJLall 


. O l—i_> j^a^J V1^ g- Laj ^ I La 




















jl^ji 


(jl) Jl >dJLj UlaJI <>j-ljLj u j ^ jxu-bLJ ljlaJLj ^ U t -va_I 1 d a U \aI1 ^xjJ 

ilailA u ^ya^LiiuJ tiiAii JL^JI jLjj .magnetic field ^^uni.j i 

j-i^l i> aJI jLS LlISj <L^-jIJa£I jJlCt i a mi V d 4 * A Cj Vi *v a ^ 1 , t > tU1 \ 4 a JI 

jl iSl j-UI OLj jji^JVI I j j>J ^jXr ^aamI^I it aJI Jl ^vaJI ^cJLLjj ^ <tt tUi \4 a II d IK a Sjii *•*0 

L£-Luj ^ ^ j^h-N 6* 



j_a ^Lj^UI jLlIJI 

^j-0 A _v *> 1 > J fl *\ 11 A \-v r.. 11 

>*■1 ^1 ,3ii-A ^Llaj 


^umIM \x aJI JjajJI 





^j-uaIs LdLaJI JjijJI A_sLa^ 




^.,, iUI \4 a ii J^jjt 

Lj—kiJI ^1-a-^aJ 0 C .,. \ J I 

^I jjlJLj ^ H II A i K ** * 
j 4 jJLi L-0 \ % a 

.magnetic flux ^^ULl^JI 

^jl ^ iju\ Ini \ X aII Q^ A U 

. A ( A ^ U IjJi) 5j jjj J-l^-J 

A-j-fli j A, ^^-IS-] I 


3-sjJL_j ^ ^ IL _i \ x aII 

. ^-uj-iia l_JLaJ I 



a|T 


. 

7 


s 

N 

_ 

S 

N 

f 


( oA1 >J ) AujU^ULLa a 1 ti,.^iUl \4 a _jl U*j 


d \iLi tU( \4 a II ^QaiVl 

Jr>l i X .^11 jg \ *1— 2 k. S 1 C. A i lr>l i *.all ^ U l \ a 1 I 

.magnetic ^^JoKjKI ^ *u a > ^KjUJI ^1 1a 

LS^ jja. JliiAj ^-wxaIs l ._\_v k^ l 3_U_j 1—cj\ c. poles 

.c_j ^ —JKJl ^l V>L KjLLIj a-ujAj a^a .jjum a_aUs 
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^jju. oLLju JL^a 


.qJz jMJ 4 uu iM \x aJI olia^Vl 

£j Luu_Jo L_JlaJ I .LS^LclC LxxiJal—ljLa ^_^OjVl JJLJ 

—>U$ : Jj-iiln<a ( Jx. 1-1*-^]I (Jl ^.aII J 

Ijj- 2 ^ L-a-^ -^ 5 — ? J) ^ JLa_£j 

6 -° <L ^J J 1 5 l j^j l n l \ x * 

5^ Jl ^-uja 1_L3 LaJ I (JL^aJI jILojj . JjIjJL^JI 

.pLt-«a_aJI Jj c> Ji-o JL5DI d-° c_aVI 



^ ui \ k aJI JL^oJI oLlujI 

. A_i_> 1 ^ ^ 1 1 1\ Tn 1 1 t \ \ ^j \ 6^-A 1 t«s ^ A 4 t... > t> 1 v 4 aI I 

^ «xi^.l I j A_C j-uj ,J-C ^ui-ila l i*.d I (J La*d I S J& J-oaJlUj 


•u^ 



Jjljlii JS-iLa 


^bijii jsljl* 

^Ijl j\ _j J < J ~i—a , A & ,-> <;i 

Michael Faraday 

La ,.\\f <1831 A *\ m ^ .> 1 ^ .- j ,j L ^ I 


(j-Lc. oljLiJL=>.l ^ 


iL£ 


JiJ 

* 

(jxil \*A\ dLJI 4 _sl__aJ 

r-lj ^ .galvanometer jUlc 

>LoVl l JU 1 ± U i \ 4 ^ d 


Lao <A_jlj) U <*jVI JUj >. 4.1^11 j) ^ 
^J-C Jj Loa <dj^.Vt 4lc. ^juLxLa Jj 6j_} Vl Jjl^. 
cJjl-aUL\ *dl ui a j_j df- 2 ^j <A_al..Vl II Jj jLjJLJI 

^ ~i 11 J JjljL-4 ^ ~i 1 "1 <AJlj .LlAjI dj ^ ~y II ^J-C. 6j_iVl 

d l "s.d I ■ ' y ji ' d> J 6^) I d I ^.S ^ l ^ i 11 ^ I ^ 1*1 j lr*>^ ^ ^ 11 

.dj^k*idl ^-uJsLljLdl 




























.programmable j±n 4_li£ iiu ^ computer o^lji 

.LgJiLilaJCa ^JLxjj input (cjMajaJI) qLaJ) I* aJI J ;a". 

J^laJ dJj ^4 Laj jLSLa ^4 oLf^L^JI .Output (qL-^jSuJI) 1 j\4.a 1 \ uh j 

4UiU^L}jJI oLiL^J 1 jL^jI ^4 oLuxiL^Jt jxLxuj j 

5j i4aJI d *aU\ a!I i IaxHj 


oLlujL^JI 


wLlu^^uIJI oLju^iL^JI 

Micor A_jjjLusaJI d>VVJ ^ju l j<a 11 a a]t* J a£>jZj oc^iLi.1 

VJ ^LJI Instrumentation Telemetry Systems (MITS) 
j .1974 a^ulu personal computer 

<,_ yj^uu l_^ cl^ I v_ j^juu 1 *v 11 I i S^ L^Q ^ ^ J-Z A^^-uJ I 

t_j^uxiL^JI s j) oj)~^ij) .MITS Altair S800 a.I ^ ^^-^r.. 
A_5Lla_ij .CPU 8080 8080 A_jj£j_dl a_zJLjlaJI 
<jl VI j duL 256 Ujj 5 RAM card 5 Ji I j 

1^1 <ii \ J oV —11 I |>>tf j~1 Apple J-jf a^j_uj 

.1977 Apple II 2-Jjf 



-\ 11 ^ I i Li<alj jj 1 a I j ~v t. 1 11 



tQjj_^JI oL-lujI-^II jc-jjLi 

p %• * 
pi J ' \ * 'jl ol 4_L» J 11 o\ )mLaJI ^ I "' r j" ^ 1 

^yj \ \ -j '~ii I X \ ^ " aU J V ^ ] I ^ ^LaJI — £ 11 

Jjli v> u.U. Jji Konrad Zusse 

John ^ Hi-l.-a £^lLkl .1937 A \ txj Z1 A 

Jjl J. Presper Eckert Mauchly 

I jJ I * >^ujL^JI 1^-^ VI jjjLLo ^ 1 * 

Electronic Numerical (dl ^ \ A ) ^j^JVI ^jj-j«JI 
11a .1945 Ad^ Integrator Computer (ENIAC) 

.1946 iaLiio 14 Lpl aim\ > ol-oL^. jL^JI 


_vl /^>ll jl *\ x II <^> i c *_ >^_ujL^JI ^_aJLl_j 

^L^JI jLlxJI .software ^—ol jJIj .hardware 

^JjlaJI jl_^_dI (JaZujj j-ujl_aJI A_iJil_i^_fiJI oC^<LJI 

a-cjh^o A_d ^J^JI Loi .dJj J[ Uj oljUlj dVuu-VIj 

—>^k j Luaj u LaJ I j-o Lj I L$_i A & 1 a ~i,d I Cj 1—> l_j_d I j I j-d I 

CjI _Qj) 1 3»_a ^ a 1 a ^a£. *i i <o ^—A ^ .A—i ^jJLj 

‘ ‘ 3j 
































a_uJL*JI ^lJUI 


JL-a 3 l ^ World Wide Web (WWW) a_^L*JI 

j£.LuiJJ .£-XAaJJ A_^.|jLo dJ-» 3 ^-»Vl A-J-O ^-C.[ dJjdiLaj ^ \ 

A_^jLiu-cj A_jjj ^_1_C L^JI ^oj ^ *1 <aj^> <L_yJl * 11 A. ^ \ H>ll 

jJLsJI AaaILsJI A<\ lilt II ^j\r± I jjjj .oLo^la. aII i JLojCLujIj 
T imothy John ^ 0>^ ^ j A i> ^h^JI ^^-L-ij-JI 

J* a£jJJI d^i^ jij .1989 i±u» ^ Berners-Lee 
£-^*3 <olp.Ljj_i_aJ ^-aJLc j j-a^I 3 -A 3 <CERN 

J jl_i_i_J ^ 1 3 . A_j^-u-L-j j 4 .u 11 i Q j \ A_Jl_iJ_a ^jJLII JLaUI 

A_*_] ^ <^l 3 ^J1 X II g-L-J j J Q II fi-\ _A 1 C. £—<0 dJ_OJ) 1 X .^11 

HTML Hyper) J^jLkJI J| aJL) La 1 .auj 3 a_l«jLujVI oLjjujLaJI 
a_xa 1 Lc jJI^ c^» oljJ Jliuj Text Mark-up Language) 

A^ \■ II q! ^ ^ya A ^ < 11 ^ £-JSj-o 




.^LxaJLxJI 1 jjx j>j-ujLi ^JLaJI a^jLJxJI Ju^j 



. > vaHoo 

^ frfanS>NVft"' = ^ 
^ J0 f* sT ,ave\s'> li 

Gottis 

\j&W° s 5 * 



jS Lla o3-ujL^. 


oLuxiL^JI ijlj-i 

^j_Lc ^J Ji V I 1 643 A_\ ixj 5^—0 (J 3 V _ ' J <*■« I ~V A A 1 \ \ ZXJ I 

jJjLuaJ .A-A-jl .xi^ll oLJ-OJlJI pl^^J ^_Lc J^LiaJl «ltll 

^< k—^ j-ujL^JI (^>1 ^auj.,<JI .Charles Babbage ^_i_iLi 

A_i^Aj_J ^JjL^LO ,_> 3 _uJ L^. J 3 I 3 .^Vl ^J^-ujL^JI 

VI u i<■«■» > l ^ Aa^au^i ^1 VI .1822 aIuj 

(Sj ±I c-iLj^lj J^j-^lII ^Jl 


(c^^Vl) i^UUI 
a \ l[ JL^I A^aiu internet (idu^-jVl) a^jLcxJI 

v_S^_3L_j .01—o^IjlaJ l_i LaaJLc djji fLlj <q 1 i ixjLaJI Vwo ^ij 

c- s- (■ * * ^ 

.~ 1 1 ^ '. ."> I_i_i j_5j ."'i *\ t r,.ll ^ ^ .-i ^I 1 ^ 'L; i A_>I < *\ 1 1 LJI 

y uu dxA-uijl .^ju^LcJI oLjjl_jJ>Laj A^UlJI 

aJlxu ^_k_s <Lo aAj^L V 1 a_>Ij-j .ol <^^11 

^ \ <^> ^j-o ^ n \ <^> J^l ^_l_j_j_fl ji .aII jL^VI ^3 1 LI 1957 

j..-^.I Sj^jLaJI oLjV 3 JI d-u.Sputnik v s L\^L)Luj-iVI 
* * * 
o ! 6 -° ^ jU^VI L 5 ^iLx^ j-i^l 

dJoJ ^ ^ " ...1^ l_J ^ 1 c 1 _' ^ 4 ^ lfl~ rt 

Advanced ^ ^ 'S-^n Oj) 1 II A- —) ) \ La*a 4—JL5ij —J— i 

iiw ^ .1958 iiw Research Projects Agency (ARPA) 
A^viL j_xc oLuluL^JI d;j)v 11 aJL^j d->lj-i 1965 

(j-o ^h^I 1980 a \ixj j .ARPANET dj^Lj^l ^_c si 

AJuxi IjArf^lJ I^L^Ij ^1 aj ( A_S 3-0 200 

common ol^UiJI aJlJJI 1982 

^ j d>L^uL=JC ^L»jl dj-L^il language protocol 

^ « S^X \ 1 (JLl^jVI 







































4_iji> ,U I I oLiJbudl 

iLpLi^ji ju-oQxJij <u$£a djb ja microprocessor ^jlxJi 

silicon chip i w>i 11 ^ iaLaj ^-ib $ .o^-uLaJi ^ ■L^jlx.aJi sj^uu ^_a 

~ ~ a 

g-JLXA.ll ij^l ^jlXAi .jiJ dj£l j jJjuAA j-A g^lJjjl qI A j l» "l j ^ J gJLxjJ IjiLi 

• o^ ojL^JI ■ Jja j c. La J ^Jb 



£JL*_A Ji* 

Intel 4004 Jijl a_5\_5^JI ^JLa»o I Jujl \. I 

<k_3j_A Si -1^ ^ (^)-o A-j^Lj £_u<ajj <1971 A_1 uj 4004 

S dlJ j Loj ^_jj-ujL^JI ^ 1__au_S I £-_A-a_^ <j j_A-o ^LLu j < J^cLs jJs j 

n 1 .^s 4_fll_Jj^ ^ ,.l.c oL^jS.^11 U *1^ ^ j_ll^ <l^J1_jl-aJI 

2300 (j —-0 ^ II 1 1 0->l—<^o4 l IJ <^-0 3 AJsLsjJI ^^j-C 
4004 ■ ~ ' c I O 1 w\ 'i <AA^ 1 6 l 1 <iJ I (^)-°) 1 <A1 l^_> 

cfJl \ v J ^ jjV\ IVI j-uaL^J! 1—A l -U C. 1 ^_lJ I 1 ^ -a t A__i_j^_uj 1 ^ 11 6 j J, A J1 

^ A^u^JI oL^L-JI ^jSSLuSij .a1oI£ aJs^c ^Loj l^4JI ENIAO 

. 4 J j\ A \ I 1_UJ^J 1^ A_J j^muA 11 i^Lu V I (C-^^5 1 iSj* 1 ^ ^ V >^-uj I *^1 j 












A * i <Ljj i <^11 pLaJl t a JI J *^>1 \ 

d CLj tU A Sjlj J WujL 


rcJbudl j-usLlt 

• i cU k^Jl SjjjlIa oI j ^-° «.^vll ^JLa-all e_aJLl_i • 
\ 1 ~f J ( ^ " 1 1 / y\-v JJ) / A v~ l \ .^1 tj-JI A j <aL \ aII 6 I 

S^XIjJI J ^laJLJI £s-aL»j^j <£^>^l HI £-0 (JaoI^aII 

4 * \ v <ij 11 


arithmetic logic Li^L^ll A_^kiJI Sa^jJI >?a; • 
:•> ; t -^1 1 < 2 u-u.Lm.Vi ol .> I.» ».Jt unit (ALU) 

4 j ... I ,". 1 tSL’trtil^ .". 1 1 4 a ' I j <_ljLll^Lj^JI 

.-,1 w^n Aa_,U j) control unit ^ ^ ~> II ^Lk:. 3 ^a» • 

< z ^ j" Q aII 4_il_i^JI ^yXt oL&J) 1* -all J i 

.Laj a'i_i j»j < 'lj>jj-gj >1 k j ■ L^-jj ~' ^_; j 


Hi 


i7 *?•* 
>7" 2008 tCX 

<“•*" , JU ~ L 

^"^•^1' ^' olj 

-, r^j^y ■'“•*»-^j. 

<J N >kj/ J- • * J, L>-Av . ^ 

, •-> ^ J^JaJI . «-, J ‘£~ JI -*-Jl 

y jL ^^ L 



memory interface 5jXIUI ^1 jLk: j^Luj • 

£_a (J-u<»li ^l i ^JLs-all Ja^L^_> ^L> 
.^oI^aJI^ Cj l—o^JjL-cJ I > ^.aII A_LaLlJI A vl S^f^ljJI 

interruption controller j-kUL* £_aL>j-> • 

A^Jla-dlj 4 I L cJ ^2>-° (S^ ) x ^-H-*-aII 

A A^l l A \ \ 11 1 ^JduoL^Jl * L 4 11 Aaj 1 i > VI 

aaajUlc 2L5lij ^ internal cache aj^^JI 5j^lill • 

^J-wj ^Lujj I a A_a i A. “ ,,.a!I ol —a j) 1 * aII ^ j t 

^Ja^A-uxaII ^-S L^_aI JJaAujI jLx_i ^1 ^Jjl O^-AaIxaI I 

.^>il 



4 l II AAujLjA oVf 


oLalj-ikJj.uVl 

A : ^ 1 ^ oVL_^ JjVl A_^J jt ^Jl cjUJLjuaJI CaoJ ^ ^ uJ • 

decimal ^jJ^JI ^>1 .u~JI cao,.\ ^ "i ^1 jJj .calculators 
oLJ£ j binary coded L^Lls ^ j^JI arithmetic 
.bits (oIaj) aajLa» ^lijl 4 ^j-o L^_ 1 a J£ aAJLl» 

^ (_5j I ^ Lai! 1^ ^ I OIJ A_>^)» iS\ 11 Cj LaJ LxaJ I Cao J'vlii j I ^aj • 

o!-L-caa) oLj jU>U ^ ^jllllJI pljVI ^I^_>l k ^ 1 *\~*aa AajLaj 

.printers oL^LiJI 3 terminals (olLUJI JLu, jl J 

1 \ \ 1 17 1 -a Q ^ ^JullL. ^ > > *)I I 13 A 9 , i | i** j UJ 1_3 L a J I ^ ** > L j A. \ | ® 

. A->^^»*iX II CjLaI ^Wiju VI 

LclSj 64j 32j 16 olj a-^jAxaII cjLaJLjlaII I^Ai^.1 cap jWu j\j • 

AjjA^aJI .“■ ' * —' -<-1 1 .--Ia. ' Cua, <4 _oL»JI ^j^al^jtVI ^ LjjLIj 

.personal computers Lu-=AiJI j micro computers 




oI>laIUIj i A I A.I I i o~ l^^ 11^ i \ v Q1 1 CjI^-aaL ^^ <d»l^l t«xillj iULiX II Aaa-Luj VI ^^aII A_j^*_i-^JI CjLaJ1_X-aJI ^ 

^ a ^ Li ji <>s I I CjLaJ^ jl A_JjlAll ^JjLujjJI ^1^1 k 4h\. A^ .Aj j) a^a aII ol ) <*»LaJlj <A_aa5jJI 































JJLJ jXr JLajVI 


J—*—i ,j_t JL.ua "<Vl i £J—J—*—i oL-al ma jJX CjIjI uu Vl J & ’« I Jl .Vl 

^ ;ja_» ^ jLuajVi .telecommunication 

Jl i VLi < J-Xj Ja Jl < /*> i Vl CjI^jI CjjL^ (j-i-ll djLuiVl oljLjjVl^ jlixjJI J j i "< 1111 

t>i*& <Lj j * j 1 1 JLuaj^i JjLlu^ u jull i l jiij ) II uiLiJVl^ a «j* h oL-^^-aJLi 

^-^3 (Ol hj^fl ll^ (^ubljVl o ^~i JLj£_} oljLaJI oI<,^JLxJI j+L. j ■ r, c ^tuQJI j^aJI 

^j^jLa j ) 4 4-fcyial ^ jJI Im MJI Jl i /*> i Vl d)jal jUj .iLlaLj <Lijjju4 L£MujI ^ \ 

.j>jj.'. u . < ji j^aJi JjVi jaxii ^ ijiiuiUJi ci^LadVi ji^, ^ Gulielmo Marconi 



(^JjVl 43^aJI 


* alj4 l-.ll 

^ telegraph (jlJ..VI jl) >_ii ^ l~. 1l g 

J— * l ^ i A f I j tju C. £.—uj l i 1 1 I la •“ 1^ I 


ol jliLtVI 6 j_4 JI-ojj . a_L^1s oUjLuj-o ^-ic cJjliijJ aJI ^_sl 1"J I j J l ,^~ VI 

Samuel ^juj^o J-j^-^Ltua VI 1 1 jJsj .sj-oj-o ^l_3jlj <L>jii5Lo 

dMuiVl j-o 134.000 jjj-qJ 1865 .1835 iiu. ajlj^J Morse 

.^->L$-11 Jjl J-x^aj A_La.j^JI I jJt \"\ IL Aj j j_dl 


oVl <<ViV) 

JL^VI JJLu^ cLl_£ 

— cl j <jl—a. J— II J_o e_fl—11_j_j 

.Sj-Aj-dl J^_jJaJI £j\ — Sjj i Jl—t-iajVl 
<_L wl I OVLx-^ajVI jj) w d)lj_» 
^-lc. c_fllj-i_llJI jd^Ha.1 jLuljVL 
‘—>Luj Jj>1£ ^ju J I J > 

.Claude Chappe 
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jlillll 

television (g^al a II J ^Ll jJI jl) jl « 1 i I I clah> 

L5-^^ OJ-^ l£ J 1 \ CLuj .LjIj_^Jj A_^j_2 S JL^ 

2^1^^jjlb Jv ^-a Jjl John Logie Baird j^ 


J .1925 JjVl 
^jjiSJVI jUJill philo Taylor Farnsworth 


d ^iju > . jLaLil < >i LjLkV ( *—Ls ^jlilIj .1927 a_Lu 

cl>L^.^-° ^Jl L^—I^^ cl> lj) ,^V1 ^ jji 11 j\ Ll/i. .11 ol 


6 j_A J-JLLuij CL> Lj_j Ij_A j l W'x 11 6 j $ y I j . A__j_^J_uj V 


A^^^JLo £ JjUJ ( 4-aLLjVJI CL>j_JI 

A_jG Ua-j^jJ I <Lc I j VI A L A CL)I J-» ji j . j l all 11 j O lj) <^> I j 

.1930 a_1uj ^Jgg_lJI L^L BBO 


^J^inl -N. II 

.I 4 J ^ ~~j) <cL)LojJjlaII ^JLiG a_^a K.ii J ^j^uUJI 
JJ3^ . CL) V Lx=G VI (JL^-o ^_L CL> I^L ^_J I CL) I j j) 1 1 ^Al J_A j 

^g <194-1 a \ u j ^_Lc __ >^-ujL^ <J^I j l^_) 

JJS^ . 1 955 Ajuxi ^ <xijU \xJI \"\W ^..Ic. J-A*!* Jl ejjxuLJl 

CL) LjG_ijlj j I JjVI A_A_)j^'i < \ 1VI A ixi 3 jJ I CL)LxxiLJI CL><fl.fl<L> 

George Stibitz iLLm ^ ~iLjj . LJ I ^j_JI 

Jl J_jJLluI ^ "1 JJ lj_A .(^_-a_fljJI t__)^- ujI 1 1 * il) A >1 i Lj-JLc. 

iju ^j-c cl>VLus=ijVJ a_<s jj_*_JI a__lG_LjJI JULlVI 
^xu LJ I ^_Lc 5 J-LLxJI JJLJ ^j£. <JLx^GV I CL>La jGxJ 


(^jLJUI) 

i^ja .j J • ^) ^_jJ I a_lj^j_i^J VI LJ I a \ . ^_a ( a_Lj LJ I) 

J^c (CL)^^-A.lI J-tu I J_A J .^JLdl l ^ ) j CL)L-ujLJI 

l i ^_jL_ujL^. 1970 a_Lu 5 j^jlJI oLV^J l 

^_Lc Sj-aIxJI a_jjxJI oV l ^riAVI cla2^a_l^Ij jxJI JL-^jVI 

^j^JVI I ^ ^ -^11 JL ) L -0 ^ L^_Lj Lu '*> LJ I 

^j-c ^JLJI ^Ji 6 j.j a 1 ix L CL) IJ aLuJ I ^_Lc oLjL^JI j 
^jl^Jo ^^jujI ^ ^ a .a. ^iJLJI oVL^_)VI a< v,,.j (a£_jLJI) 

.a_Jjc.IL La^> iSIj ,J-u<al^jJI 


H 



(u^iliJIji) ^LiLfJI J_»J 
JL 1 LI ^_li telephone 

£^HiJ JJiS . JJLJ jJjL (J-l^I^JI 

j j_jl__II 

Alexander Graham Bell 
j_cLuia^ .1876 a \ jjj LGl^JI 

^jjl«^>ll (J-i-^lI ^Ajl ^LjI 4 JI 
jj < aJ_)j_L cl)LsLlu-<s ^ vc. 

4L-^sj ^IjLli JI^I 

.6jijt cl)ILLu-o ^Jl JMujI j >c. 
LlJ V —O —J VI £sJ —A J— L-^J__JJ 
A_jJJLj CL)Vl-uTijI aLaLuj ^Gl^JI 


j^LlI (2)-o ^SLo (_ajl_4 




UJI 


.N \ Q 9 * 


cl>IjLlVI J' c~ jJdUj^j a L ixj ^ j.a radio j 1^-11 ^l) ^Lc^JI 

e_SjJI J-AC J^_^_ll A_j_$_LujVJI CL)l^j-JI (J-fiJLLjj .A.-J.fl LaiVJI 

e- 

.^La_uj^_JI^ CL)lj) <^>Vl^ CL>I ojJ-xJI J ^ -i <CL)I^a-°j Lj£ II 

^jIL^JI J_Ls3 J-Sj .AJ^xu-JI j A J 11 jc-oljjl ^_J j_) jl ^Lj^ll 

(■ ' ~ 

(J-JJLuaj ^ (J_uj j_j fj I 1 ^ \ LI I jLj Lo j a I ^ r ^ ^ L j VI 

^ j l£ II ^^ll^-JI ^Ul 1906 a. 1 xx» .a_j_L_Lx» VJI cjI ak^-JI 

^-oLj.) Jjl Reginald Fessenden ^..u-^j-a J1 

^LjJI ^c-uxsl ^G ^LjLI ^ q j^ L^-uxj LI ^j 
j_LDI cl>LLJj .^JjLJI ^_j_s jlil ^uJijJI jjxx^LI oLLaj-LJI 

^-olj-JI^ jl l^k V 1^3 l ^ J (XI^-jl Cj-AJ CL) I J-) ^-J I <_Lclj VI CL)LLj2kD ^ya 



JJi ^Lj j-o J[ ^xluLi SlLLfl 











































3J 41:1 ^ a 


A-tuia jI^a ijA £.\<r\~\ j-Aj .jjaIa 4 ^Us jjjlaa nuclear enerQy A&utaJi 

^ui ^LbJi <Lij_ 5 _ji 4 iUaJij .jj)S i/*> ii ^j \"imj ^jji uranium ^jjij^jJi£ 4 «< .u 11 

^ e- 

^1J \1xul Sj)JSJ j ^JXr oljJ-lt ^L^UI jl jLLxcUjI L&jj^J 

.^Ljj^SJI ijj^jJI *UiLbJI 


4£lJaJI ^Lijl jj_il^b 

jLLajui_>VI A .a A ^-1*1 Qj^Jcla A^D! AjjLkJ! 

C£J>^I ^LajjVlj ^J^UI 
jLbxujVl - I 

l ^ \a AjL»^b ^_a nuclear fission ^l <i»* VI 

juluru l-^U CjIj jJI <_£j3 ^.xu-j1 j .iJillaJI jr* Llj V 

<LjjjJI A 1 \ 1 II .A—!LJI A—fll U II ^j—^ A_1_J>1 A A ^ xi *\ 

j 1 c. ^ j ^ 1 <ju jj .j 1—U rij >V I < a jj k t A_j jj) \ II Ca^L_cl— I j 
A la. uj I^-j <^1 in II £■ LI_aV £-uJj * ij, ^ c ^ J> j > IjJ J 11 

• c£ I ^ 1 K<ii \ *)! I 


4ilbJI ^LLil 

^ \ <^> ^j-c jl \ \ x \ \ U A__A^^_jJI A_5l_La_ll J ^ (^)j) ^ > ^jl 

tj^lli ^ ^-b <£ ^ I ^ J-^-aJ1^5 ^uAjuu. 1 I ^lb*) liAA^k ! Lu_> VI 

*• 

iSUJI La I . a ^ * j 1 U a_a^^_j iiLU ^_a a_5LUJI 6 j-a^ 

^l_lj>l ^ " aII aJjLLJI ^_^_j a ^l_txtjVI 1 ^ \ I 4 \ II 

oiLcLLoJLS $ a I 6j-cl_ xo-oj ca,_\^ ^JLlI a_j^^_1JI cj ^Lcl_fl_jJ 1 

3 -c i^LJI aJUJI ^Li dJi£ .nuclear reactors a_»jj^JI 
a/u^ jj^-llj atomic bombs a-^jJUI J^l \ i II J l.. > ..*.:>l 
^ ^ ^1 a^j>JI aJUUI ^ Jlliul ^a hydrogen bombs 

.A_j^^_l]I A_5liaJI ^3^ljb 






































j II ^ o uuIj jl ^^-U! ji 
.SjLujiJIj jj-All /^a 


iiLbJI 

ur lc ^LcujVI &L_jj^J Ijj 4 -o a ^ 1 ^ VI ^LlJ j< j # 

O-a O^i SiJ^I J^LiUI ol *H 

.sUaJi jiSii 

3 LLI 1 JVI ^JjL l_fi_i £-l_l>l 31 j ,^s > VI ^ d> Jaj 3 I 0 

&j\ \<\ a_i-a5^ 3 V*L[j ^ jl ^ >1 Lao -c£ 3 >L^ 

SjJbiAxuJI j 4 Vi ojaj 3 .^LxiuVI 3-° 

* 

C^LVaJI jL^Jl»I oMcLLJI Jjj 1^^ A_liJ <^03 .jJ^LVlI! ^_l£. 


V> V 1 L Three Mile Island JjLa ^s 5 3 ^ 3 UI 

<1979 a_Lxi a_^ 3 jaVI LjjLVl^u i.j a_jV 3 ^jj) )«\*jLa o-° 

AA 33 III SjjVil Chernobyl aJ^L^j 

.1986 a \ txj 

63 1 CjLc1_3LxuI 3_liaJ L^aV ! I Ja. A-»j^lll C)LjLVJI 

•L$ 1 a o^LllI Slij ^ t£ J 3 S 6^4 

^_^aj "'j ^ J_1aa ^_a—o j J * c A— J^j) \ 11 O M-C1 fi o I 1 

<* (■ f- 

Jails Lolx J_>S. jl l$_olj 



nuclear fusion 


(j\ t „v, VI jl) jtLoj^VI 


*j h ^p.j .AliLL £CA-HJ 1 g j 63AJL-UO ^3^ Lg-i-S M 

3 ILJ L$aUs Aa-ILc A_ijlj-^ ^ l ^ i £-a oljjJI 


.(JjiL_A ^Jl Lao IA-jj^JI A_SLLJI ( 3 A A_1jLa A j a?\ 

^LajjVJ a \ I?j )3 &J l^>-^ (_£ 3 ^VI ^ 3 y- 1 1 I 3 (j**AtJI 3 lln*^ 

L-A^Skl^ ^Lxuj VI l ^ x \i^~> A_adxu VI ^aJckcl ^jl Lo 5 l .^33!]I 

jrLoJ^Vl IJ 1-0 ^^-Lc J_aA_j < a \ \ \ yjj J ^ II A La I^lII J 3 J- 0 JJ 




^-0 ^ J)_tl^ II ^c-oJjLj 

S UJHjZ JI 


4 \ /\ 1 1 




•f ^ ^Lo^VI ^ ^ujj 


iiLLJI jjl^a 

Lg_>Ls I jJ <Sjj^jLoJI a_5LUI jjLl^a-o j_aI ^_a a_jj 3 aJI aJLLJI 0 
< I I ^ $ ~> '> .* 6 * J-*-? (j-^ »l-»j ^ ^ I I ^'- ; *-- 1 [ cs-^ 

* * 

3^1 jU\ A_jjl_Lo Jil Ij 3 S 3 a_j 33 jJI SjjVJI oLL^o t s ll^# 

1 ^ ^ 3 _i_>I j^jJI ^o J-A.I 3 Aaa^_S l^jjkVI aJLU! ^Ll»I 

6 JX. 3 I U Vi 11 ^JA J 30 I 3 JI 3 -kjV-O ^LIjI (JjLxj La n_lAJ ^1 

^^ ^11 ja ^LlUVI ^jAjV-a 

,J_fll A-J 33 IJI 63 J-VJI CjLIaaa ^j£. A_aaLJI A La II —'J) ^ oCa^ 0 
^iJI oLjL illi 33 A .j ^^.all£ 33 A.VI 3 II 3 LJI ^_a AajLVaILj 

. 3^1 A_lxiJI Ijj_1j 



AA 33 I Sjji Ain 







































1 - j^JI 


A a 1 *•> "i Uilj . jj) ^ I 1 4 j a I n II 4_ujljjJI j_£> COSmOlOCjy (l _»^ j *j * jj < II ji) < II p- I e 

logos j < cosmos o->%, 4<n ii ^ i_j_^. 


<L}JI J^^jLcu Laj <U£ujj j^SJI Jx^l ^LuaiJI ^LoJx, ^ i* ~t 



jkifc £-jjG 

^u^»j .Babylonian cosmology <^LUI 3 j£ 1 I ^ 3 l£j ^ 3 1200-1900 J\j^ Jl 3^1 oLJjj JjI j^ 

< 4 ^_lVl £-Sj-o 3Uj^J L->L^J <L^J>lj ii^Iu Lo$J 3I J-? < 5 bdliLo LijLlAs Ca->L^ ^IjLaJI (3>^-ll ^l f 

.^sSjVlJ fr l am j- 11 3-° d)l ilr> 6 JC. 3l3A 

33~^ 3 ^ Brahmanda I3> l a a 1^ ^ji^JI 3^^^-H j^cI ^ 31 200—1500 ^^ 11 3 q 11 *.if j 

^11 ^I \\ 3^$^l j-a£- 3 ^ --^-^-^j .Brahma L&.a 1^ ^j\^ Jl aJVI ^\<^> 3 -° ^I^ <Bindu j3Lij *. ^ 3 ^ 3 -° £-*+> 3 * 

3-0 Q > il l O^-oJI SjV^JI 3-0 A_Jj^J ^ j-o"\<.uj A_jlj «^Lc jl_d-o 40j 3 ^-b^H 311 
• l $ J 9 d l 3 J j X~ u s > 3^^JI pLoic. Jlj Lo j < J J) ^ Ira 11 3^^JI J (J-u^aLi aJLIjLLoJ! Cj Ljjla.ll I 6 3 a ^ jldJj 
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jl jAIujVI 4JL^ i-jjHj 


Jj_c (jSij-t o-° 


.1948 iL* ^ Steady state theory jl^icuVI aJU. 

I ^ lc. A_sj_L_J I 6 j-A LaJ I l <lt \a j j tjg Q*i 1 A_Lj_i 



,^-jLxA^ 4-‘ uj L^ JjLaJi ^LlAjS A_aJI_C 


j^SJI jkifc 

i-Lalj 4 »^ LTJ^i Lr t -'J 

e^l£j .physical cosmology j^l ^ U ; 

L^ljj jjj: celestial mechanics S^L^JI 1 <_.\t <^ i i 

P * 

d 1-A A <i_UJ ^LLII J_£_1_UJ I >A_3 ^ V I 1 ^ 1 l ^ tJLt I ^ S £J Ij) A IJLt i I 

j)In txt^j 1^ (Aristarchus of Samos ^aj^-oLui ^_y-& lj^^) ^L* ttj j I 
cjLjj-U \ 1 ^ ic.L.i^nj Ptolemy ^uj) a \IK Aristotle 

V^JjLo A_Lwj^LaJI^ ^LaIxJI ^jjJa ^ <a a.li^~o 

j-LS ^L(Nicolaus Copernicus ^jS> 

(Galileo Galilei Lr h.1U j MJ Uj Johannes Kepler 
heliocentric .a-iiJI a_j^^^_a a L > 

.theory of the universe 


^ }J» H ji^-ll f-L& 

^ metaphysical cosmology ^j-LlI jJc. oj^n 

^ic JJ8^ .^.Al^iaJI^ cJ -0 ^^ Q II A ^K "'j^ ^yd jJLsJI 

I j_i Lijjji. aJ^J ^ .a_aj jJLII *_i jjliiJ I j\c. LxjLuj ^-aajLII 

(JfLiu_i ‘ ^ ! aIa 11 d l ^ A 6 JLI* > 11 ^J_C A_1_Luj I J*\ '.‘J 

* * m (■ 

6^ c_;Lu*Ij 4ilx*Vl 


-"«1 jj U.. 11 s \ A j I t Jj 11 Ji^o ^*^uJ o ^ . j U.' d JC ' " 

.Big Bang theory ^u-.i i _,UJl.VI aj^l. ^ UUilj l 

f. ^ * 

,Jxfl 6^b> ^.j jU^I pLljl (3-Lk a j j U \ II ^ 

,J^ sHul-^ J-Lfi JLr^-A.>VI (J-J-fl La LaI .<LLai jLiIa 20—10 

JI .Cj I jLxJ I A_fia_A^ A a j C. ^JSLu ^ lc SJ^^ILa 6 jLaJI 

•C>^l ^lj La (L^J^Axj ^1 jUJljVI 














^ ** jl JJxuVI pii H ^UfluLuAJ 




J-£aJLj^ .A-a_ilkc <Laj jl—Jjl J (j-° 4 ^ ^ A_i^lj AjuLj j_A bl3Ck holG J^ujVI ■_* II 

* 

J>A2a. plj^cujl * >j) S*\ II oJJS j . bj-yA (^SLutaI_i-o (J^I_A J ^-UJ I ._» Q~ J ^_ 2 k. ^-? pLaJjlJI 

1 ^ (J^ a ^ 1 Lo^j^j SlfkHuo (JjiL^JI Supernova ^q~ 

. l ^ \.i > j >_^ V <Ai j ^ JAk-iJI 6-LA J)lJ AuJl A_L£ t Q-» . A 15—10 ^jJI ^2a. 

^ c. ^/^1 1 J^a. ^Jl Ij^a. L$_Lj_j jLa. (JLr^.^ JjV I AaII^^v *lj j^JI t_ijj.A.'i 11 J A '~J) 


^ u 



A_j J_^. Jj_al (j -0 O VtJ J^xul _ ' a" 

.CjljLiJI ^yo 4 _ 1 jI_A a±£ 


general LoLxJl i_i^**Ul ■ «•-' 

o^Jl L $-*-^>j ^1 theory of relativity 
. iy\ Albert Einstein ^\2 zaJ 

(^yl — ^ — ajj ^—i_Aa— » — o A _ si _La_ llj 6 J Loll 

Li^kUl x* .space-time curve 

l ^ \ \ ^ *\ s j>l *\ I I J *s rJ 


singularity ajj-s.iaJI <LLaJLJI : ^IjjjxJI ^^ q~ii q~j 

^a Sj^UI aUsMIj .event horizon Jl J^Ij 

A ^1 a!—L_ j—o V A_U S \ 

' A Q1 Kll j I 

^JUI <di£ 3^^ p 

la—J—2k— jj . Jj) <aj VI 

3_sl 6jj-i-LcJI a!is\IL> 

J i a* j ) A ^ <Jj j .^ 11 

J^slJ .J^jUjVl-- II 

^ J J) < Lo Laj ^ IU^\ Jj J-vll 
.I j^k a_JLc *_* S ^ I c 


^ IJ (6 ^ ^ 11 rc_Jea_uj ^ I ^J_uj I 
J^jj_A J)AJ J-Aj A_jl Jj 'tit's Cji-La^. XJI 


. ^U^ll l ^1 ^>alj <^^ 1 x ^1 


^-jjiJI kdJj J iC A_j I ^^kl A_jjlkj 

A_jIJ_JI I Luxj AaaLaJI 

A_c >.^..> Jjj-^. j_s »LoAi 


j—j-^ op 


Jj-a A_Sjl_t^a Lo ^^-L 3 ^ 6ja i 

AajIA \ II aJ_A lJjJlj ^ .A i.L^->l Jj I ^ l \ -a. ~> I 

.theory of inflation ^UiVtfl L^kL 
pulsating \ II a^j h \ dl \ a ^ 
jj-clI^ Op- 11 oU theory 

JjLLa.2k M-JI .y_ >^L_l_aJl_i 

^_A t j 11 i mj t ^ ^ j I ^ l__i ! c> j_A Vl 

. A_iL-^ I A_jji-J ^j-o A Sj S J A_s_Sj 


H 


























SjLJI 

jjSi ol js^i\ ^ dark matter oJkJl SjLJI oUl» 

l—o dLul—ooJI 1 () ^ V * $ j t X 4f j,,, \ 

J-o ^-k^j l—o 4_oJJa-oll ojl—oJI / 4 \ ol . 1 4 i % j l "v 

6 J l—oJ I l—i _L£lLx_j^ . 1—lJ 4_i_1j-oJ I ^jJ)^ 1J 4 t\ \ J 7n"\ 1 4 \ \ j 1 ~v 1 1 
^JjVI S^L^JI Cil K 1 II ol_ a_j! Q-> j) ^ ~ \ 4 1 > -k j 4—o—Lla-oJI 

J-o c_aJl_lj 4-oJla-oJI SjLoJI ^1 * 1 ^ -v t U < I I j 1 ^ a \ M I 

weakly JtUiJI iLJ^JI UlL$J\ oLoo-^JLS oLu^ 
.interacting massive particles (WIMPs) 

olj^cuJl i >j^ ill j (ax ions 4_i^jJI 4 a > 0 4.1 1 4 ., 0 VI 

.primordial black holes L^I^JI 


.cJj^oll Ij.^1 ^ cjljLiJI 


Aa It^All AiLhJI 


j^SJI £-cu^ 

Jj£JI jli J-aL-A J^oli > r U xA -k 1 

- 1 * r ') * ^5-Aj <(£^>i*.Vl Cilj >ol l 6j^o J£> 1 

jlj . j^lU j-* V Hubble law JoU 

ei^cs ^lII) red-shift ^a^Vl ^ i^JjVI SJaiU , « i ^< 1 

(^5-^ I I 6 Jo -* \ 1 1 CjIj^aII CjL^.^-0 J^-L ^-uj^ o L$J>L 

l-Aj j « aj 1 QJ (v. Ajinll ^j*o ^-cl^VI l a^U II \ ^-LjoVl 

•uj^ £-•">» c£J^*[ W-^ 



jl SL»LJI s^UI l^L dark energy l ^lu A n 4 ilLJ| 

.^JLxJI l5 JLc l5 jl1I antigravity LojLLLJ SjLaJI 

CijL^ Jjolo iJaLL JL>-o£ LAjJo-^j ^-ojj 

j* 6^ l) ^1 j ‘(vacuum energy l^L \^ iiUU jl) 

Oj^ U 1 L$-aI jl < a '' <! ^J-*-ll ^j-^IjAJI ^ya 

.4-ij jl 1 1 S/j_1lJ 

(j^- ^ -1 1 4_iJUL o 6jj)WAMP ( >- 0 1^ ^ 9 \ .^s. 1 1 cl| ^ ‘^ J) 

Cy> /A jLo-La 13.7 ^Jlj^-i J^i^Ii 

.4-oJJa-o 4^_fiLia X74^ <4— o_Lla—o 6jl_o /2.2.^ <<L,jL*JI $j L<J | 

A_51 I n 1 1 (^j-o I 4—oJJ^-oJ I 4_S 1 U> 11 4_fl 1 ^ I 1 1 4 > ^lA > 1 _lIHo^ 
o CiJ^. >3. 1 ^i^^JI JoJJ lIILi vlLlj 4 _o-o-ujo .4_lcIjJl1I 

I p 1 ^llf ^jAXll (£ J I 1—00 I ^kA ^ ^ J) ^ * 1 1 J v*\ 1 

<Sl—l^JJ 4-0-1 Mo Jj)^ 11 J1—1 ^^xaoJI 4,1 iL IjO-oJI ^ v v~ 

.4_x^l^j jjl LooLioLi jL^ LJ dll j V jJ j 

































L.LUI Zjl Jbdl j* 4*^aa l^L laws Of physics *U)AJI LiJjG 

{J Aa ^I^LII ^-Al (j^*-j .^LiJ^AJi jJLxJI 

(jj l UXll jlj 


jxi J j 4 \ jl 1 J-L 4 

ajI Archimedes' principle jl W* L> ^ 

6jJj Aa^Ija AaUs (jli: jl JjLuj) J-jL-o ^ LxK jl Lja^^ Lo 

^jj ^jl „ui (buoyant force j^-UJI s>s) A_*ilj 

.oLsLlSJI ^ ^yo ^Llu^VI ls _Lc. Iaj-JI Ij-A 3-4 ^j -^lj-^1 j-jLJI 
(jjj oaLS Ijl 3j *-.ij 

^ 2 a l ^ 0^5^ yj ^ LaI .£-4 Loll UJ3 d^° JSI CjaI_^ Ij| 

.jJakil Vj jji-U ^j^Ia jJ ^ 4 -fl jJLJI J;jjJ LjjLu^ 


_j < < A 1 1 j~\ A \"\\,Li I Lj J ‘til 1 1 -V ~V "V = ^ I y&l I £ LaJ I 



^1 three laws of motion c,MUI <£ j^JI ^1 ^ jiu 

*>. ... -x. J \ t t 4 \ 0 1 4 \ .u 1 ... | ,\C. 1^ 4 11 ^ ^ I 1 ^ X 

^ 6* ur 1 ^ Jj^ 1 <^>=dl u^ 1 - 5 

4 tlf ^ -J La i*i 11 aJ L^. ^ <a )j <x> (j j)^ < ,u 1 1 L^. 

aJUw x. ... ~v ^| ^| 1 .1—4 ^ \^ ^ ^j„A Aa^) IjXo ^AX, 

-*> 1 -v**tVl ^ <1 ^ <Ai ^ 1 <LC.^uiJI ^A±Ajlu <£^JI 

.4jij |^JLo j 6 A \ 1 c ^ ^U\ t Lo <A-tuJi_) 

^jLculJI A^j-^JJ ^ 1-i-ll ^jaLSLII 

A 1"< l~i_> 1_^ l—4_1^^ i 4 vji ^ A 1*\^ ^ 

c- c- 

.A_3LJ^jloaJ ^1 6^Jl Li^JL^I ^^-^1 ^-UJ^JI 
j j Jjus J£J 4aI a_LL-o_lj a£ j^A] cJLUI ^jaLaJI ^j-^aaj 

.j I ■ * Q -*11 aJ ^ 1—lu-o^ ^ yj^k 1_S—a (^J-*-£ 

iHSJI J^li 

the law of conservation of aJi^JI 

^1 j .<CLiL a ^ ^ Lo SjI— o jl a 1^1 ^-tc mass 

^ J-xJI |^l [ ^)-4 jl ^1 ^^-4J V 6jl—aJI 

j JL^iul L^IjJaaj SjUJI ^ jK ij 6jUI 

JjV 11a Antoine Lavoisier a_iaJI^V 

.1789 iluj 6 J -4 



^UJ 1 = J ^ 1 olJ M l j 1 ^^-ILj A_4JiA_jlj)In<ul 















A-JjlC jLlaLljjJI JjU! 

three oL^-oLLj jJJ aJ>Vj ^ 

o^t <laws of thermodynamics 
Cj\ ^ 1 c. cjl ^ jJJ <J^VI jj_>LJLll 

oj-»UJI i.<CL iLj ^JLslJI aJLU. 11 ^Jl 

* p 

L>-a JJHj ^1 V A_jl ^_Lc J»LUI 

cJLUl Jj^ULlI JjJUj .jls± jjLj jua^ 

J i La^JLj CjI—LjJ^JI A_$j_^. ^1 1 c. 

A^.jj 273 — ^1131U^11 j_aa-«aJI a^.j j 




A-aUlJI A t )mi 11 A-jjiij 

theory a_*L*JI a^MI i >l 

= U*cA *> 11 of general relativity 

( 3> V A_jlj < AJLiLj ^IjJJI * j) < A11 A_c^uj 

^ * "*• J *11 A_lLkj<JI J ^ I I Q 1 * ^Ja 1_4 ujl J S 

JL£J ^LJ U}U. 


44 JJL 2 JI ^ clKfcH 

<jl Newton's law of gravity jUJl ^ ^L3 a_» L» ^1 

3 ^[ K *V I jJLsJI £_ju<i j .(_£^a.VI a. lid I ^ ^JLaJI a, li^ 

* >j^. 1 I (j-o S^Js (Jj-x-j ^JLsJI ^.fau^k (jLj jJsl^ <^L*JI <_j_a jL^JI * 

A_j_i jLaJI SjJfi jl J jjjj .A_i»jjLaJI 5 jj-l 6 jJJI 6 j-A l-SjJLJJ .^£jA.VI ^Lux^k VI ^.lc 

61 ^k > I J-2k^_J^ . ^ 11 AJLlclaII > £-0 J <^.<Ai^kll A_ll£ 6 jLj j 

.^J^t-g^kll (JJj Jjlj d-u«al^Jl .UA.iI (J^U ^_Lc A_lj jLaJI 




(jxilfkX iVl 

^^jujj-aII ^ULillj la-flLuJI ^LxjuJI ^yxj a L^>LaJI A-^jljJl) Joj)^«Aill a_jjI j ^1 law of reflection ^ 1 ^^\Vl ^^jLS ^ 
Ij^_l^s Ljlj-^ll U*>j .(^ULJI j ^^SLxjuJI % fit 11 a l^LJl a_jj l^JI j) ^ LSUlj V1 a_jj I j ^jLuJ (jJoaxJI U»j j-a£. 

.Ja.^luJI 4^3L)J A_)^5 Luj-o L^JLjVI A»jjL) L)V A /Al ^ 


(^bJI j^kuJl) 


I 

^LJ! 
























2 - 


jjjLJJjil lj_lA 

Christiaan j ts 1 lj> $ H j t—j j j «a 11 £■ jk 

Huygens' L >. v jj_»-<JI a b > * Huygens 

J jU~ : ^Ls Jl jaj i^JI S^ki J^a. principle 

P P P 

4 U Q \ 4 _j| ^j| ^ if l._\ 1 aII |j_A 1 J .^1 ^ j) a I 1 4 < jv U J 

jluj 4 _j^_»L> CjI e- J.il! 4 U c \ < \ l_Aj-C 4^^.^$ 

JLjLLjI 4jC.joaJ 4_J^Luj-0 4_CjhUJ_1 < Cj 1—A l ^ V1 ^Jl 

.oL^.^cJI 



■ CjI 4j 


^lL^LujJI ^1 ah >UJ ^jJLjJLx j^jlia 

f 4 \^ f 4 1 C > /,. a 1 <v 1 /« L ^ Q ... 4 f ^ /1, » ^| \ I \ 11 f _\ Q \ C I 

P £ 

£__LjJL]I -iaj) 3 <*> V J J _uJ_2kVl _ uaJ ^1 ^ 

^iJI iiiLuJI ^1 ^ the law of parabolic fall 

w JI I O ^^juj l i-O ■ t ^ l \*i 1 lr> £ LJ I ^ <Ai "^11 l ^ X 1*1 £.■) 

I ^J O^L* (J^Lk U frt.g’i ^_l) I 6^^-l 1 Mlo . io j| £«.»■> 11 4_5 jJlLuaj 

Q • • • * /v ... | 4 01 it* a 1 1 1 Q1 < . I 4 < 1,1 i ^J 0 4 4 4 

L 4 4_jJ|_lll 4 J J LjL^J I J)\ h H C 'y Lus^j .; _\ I j 4_i_jl_j 

(j = \j?> Luxj 


p 

j\5> 

i-ikJ^iJIJ p SjjiJI JJMjJI Oi m's law p.jl o>>^ JJaj 

1 jLxj Jj-oj ^■^■■1 4_jl R. 4^0Jl 4 a1Ij I jLajJIj E 

,_j«AJ n> .4_ojl_L^JI dlij j\c 4 jin I^1 ^ Lo <Lojl_Lo 

^uxiLUj (JiLj ^J.1£, jE<JI J Lilli (j!“^ I La 

v. * «. ** 

4 \L I ^111 ^| -v II £--a Ij^Is^ /I 4 -ajLUI ^-o l <xt^C 

.^ilkilll ^ 

.1 — V/R i^LlIL^ ^jl S-jLl£ 



j^-ll 



j>.U^Vl ,jl ^ Avogadro's law u^t 

^j_-o 1_Jjl_ uj. 1.^ Ijj_c n."> 4_lJ_H-a Cjljl_C L—o 4_j^I—uiloll 

•L^jJ /j-O Lj^Lixllo A tS*> i l ^ V A Cj 1 j I 

^JSk J^-aII CjLaj-ux^JI J J-C ^ . ln*..i.*nJIj Sjl^aJI 

Avogadro's number jjjU jil jjxj SjLo mole ^1 
^j-ic ^jJ>LHI lj_A ^.kLiAjj <10 23 x 6.02252 ^jLuaj j-aj 

ol Ajj^ 4 iA<a^ \ aII U4.aII oL^jJ jlc. 4 ^ \Ji oi^Udi 
LjLj-^Ljj ^^-jLSJI ^Lx-<a_j^ .^J>^Lo (J^ «i \ 4_jJLslJI SjIj^JI 

6jUII a ix& nj <jLxJI ^_a V V/n = k :^JlilL^ 

4/xj 1 \*tll L,**,i-iL j k^ .jUlJI 

—--0_ 




























jl 4_ru u jjjla 

Stefan's law ^ l <Ajl 

J^_uj I ^V<Ai^k ^ l-3Lu-) | A_S LJo ^jJLJ A_5 *>LxJ I «A_i 

ul-® Id-A A_jjl^_^ A— 

J^xul ^kiAi^k ^Jcl-uj A^Luj-O AJLuxaJI AlLLaJI 

£_o —><-u Lllj ^ «*j 11 I JJb U.,il A. I 6.1^. I 
Lcj_flj_-o A_j_*Ll_- i jJI Aljl^^x A-^jJ 6jJ-i 
AjsLLJI :l_ilaj (J^ill .AjljjI 

^cJauuJI A^Lux-o 6 J-^.^ AjLxu^JI A_jjlj_aJl 
A^.jJ £_-o Ij^Ja IJLj 6 J-^l^ A-jl-oj A...J—>1 —j 

Laj Laa^) Ljjj .4 63HJ AjC jlj-o Ailkdl Aljlj.^. 


5 \ ^^ Aj»_J1laJI A fil LJI ^ A E Clul ^ I 

Sjlj^JI A-.cxjJ ^_A T j <A_j1UlJI 4—^1., u-idl 

.'(jLs .4 1U a 11 

E = sT 4 

g-ljj uill <xj->k VI ^ 1 c ^jlLUl Ij__a (3—i_U_1_jj 

^L_XjujVI ^I ^ 1 £ jli.fti. II 

ULJI 


^£JI JJiMj 

SjLJI d a^ : l ^ 1 quantum theory ^<A\ 1900 ai«, ^ Max Planck d:}L ^L^All ^^ 

^Jl VI ^j^JJI ^j-o ^c_A 3 H -0 j ^ H ^LjlujVI * > 1 tju < jl j -(Sj 4JI 3 C^j4JI ^^Ixu-aJI ^_lc. AjjUcJI^ 

«. * * * 

a^jIj-^ a^jJ ^LaSjl OjjVI ^1 I^a^Ij <Lj JLiij_JI 



* 

jjoaI 

^ aJMjlU Ampere's law ^aj-J j>iU ^ 

A_S ^Lc J_4 ^AA-ol ^ upliftl ax aII ^JLah^JI^ J LaIII 

jLuu-O ^iAl^Ul VXaII (JL^kdl Ajl>1„1 

^iJI ^L^.^JI j Lilli a_x-o^ <1“^! )tli-^ 

J-oliLiJI ^jl ^ 1 c ^j_»UJI .jI-xaiaII I &\j > 

jLiiJI j-o Jli-Jl jLo^U line integral 

.J 1-tAi.d I J ^ dl I 11 «^..l I L^£J I 































f’l—ij-tiJI :L-4-3> j. J xU ;H j 1 fl » <>H J ^ 1 1 6-^} 

jxi^ ji .experimental physics *UjAJi j theoretical physics 

^ (jjXjJJI j^ujjLaj jli Iax II £iIjl m\VI^ ciL-i^AUI ija MS e-LijjJLil 

.aLjjLT^jAJI l a j^j .pLi^kJI J^iLa. 


Ij-a :electrodynamics \ j^ji 

.I^ a_oL^UI j 

L^ljjJI :field theory JL^JI i-ijJa-i 

.CaVL^aJI oVj l_JL-o ^_Lc t^_fljJLlJI ^j-o CjVL^- aJJ 

SJLJI 4_*Jjj :fluid mechanics Kj M ^ j a 

1 ^ < t 1 1 -N. ^ 1 ^ J) ^ ' ‘ *^ ^ _\ 1 A 1 1 A_3LJ 1_»aJ I 



^Lj^_kJl ^^-aj geophysics a i ^LjJjjsji 

<L^_ aJLIxaaJI d^JL^JI >- q!“ n- -j ^ 11 (j" “Li . « VI A_uj I j _i_j 

oLL_i^Jl ^ 1 fj .meteorology jL^jVl .i«< 

.seismology J3V3JI ^icj .oceanology 
:hydrostatics/hydrodynamics l%aLuj/icyi"....^'? 11 

.1 j) a 11 ^ y j .i ^ j aIi ^j^si ^11 a ,..ij. ^_ a^ 

y j l ^—j—II oVI_^ I_g_ j _ s ^ j j._ a _jLdl a_ 1 _1_u^JI 

.equilibrium static 


-.j. -^ 11 ^jujSi ^_Aj iacoustic physics -*‘i 1 ^ ^ aL^ji 

A 11 t Q" ...IJ A 11 a-M j AjjJyj J 

jjSVI aLt^I ^ :astrophysics ^Jlii aLj^Aji 

^ «. ** 

V^-OXAJ 

A j*\ 1 <i 11 jluAl ^ A_j_j L_l-o_j_^J I ^ A t \\ * Q 11 


atomic and molecular i i \ j J l 

cjIj jJI a 1 \ SjLaJI I<Lujljj_j j physics 

LT 1 " .CjLjjI^JVI JcUjj <olij>aJlj 

. jJ I Cj I [j 61 


a_>^< ii 1 .jiij^j-o .cosmology ^Jx 


jI^aJI cilj)Im a_ujIj j ^ .dynamics oi ui \ajJi 
oLiciJiJI c^Jj) 1 iaj^ I^a»ujIj j .electricity ^ n 

. L^-lca-jci-a l ^ Kiia^ ^JLl I < A_j_j I 



140 




















:condensed matter physics 4-il^Ji SjLJI 
solid state a } I , ^ll aJLJI j j j a * LaJ ^ 

.a L$J>VL*. ^k dl j-Lwj L ^_aj .physics 


6JJ1 Lr ^*j; :nuclear physics aj^IJI 

.A_jjjJI A j \ \j dJ^-L-u^ lj) ^ \ A_^uljjJI 

. A_jj^J g-j) <^11 A_cul^J ^_A^ .OptiCS o Ljj l 11 

d>I—^ ^ ^ II ^I—a— ujV I j—> 1—uAjl 

^ j j-j j j \ 11 d> Lj j-x^v.) j A_j_i jj. 1 ^ 1 y 1 oLjj \ 11 

.La^-Cj 



A-ujljjJI 6 j_a ^ 1 x 1 j ispace physics *l <A4 II ^Ljj 19 

^.LAjSlII a j \\ \j ^ K 11 ^ 4 j \* aII j_&>\ j )U U * 

Lj_LsJI J- 2 JI ol ^ ilr> ^k ^ILII j_aIj!=JI l5 _aj 

.^xi ^r xi l l 

A_i^.jLiJI ^jlA-ujIjdj ^ \x~* istatics oLij^sLxiJ 1 

l5 _L 

^l^kll Lx,ljj :surface physics a^u^.h ^u^lji 

a ilu^JI jl^. aII ^ 6 jV> ^jl!I A_j_jI t A II j A ^ \ \ \ J 0 II 

.^Lo^l ^y& LJ aJjLcJI jl LjLlII Jl^iuVIj 

T 

a 

i 

c 

j 

a 

3 
O 

// ° < 

Q C 

\ * a 

a ^ 

a^Ijj ^ :thermodynamics AjjipJi oUaLjjJI 

aJjULJI JliLdl 5 jl a_Ll a a cl U II 

.A llVall A \*\\ J^^xJI 1 ^ lj)J 





$$$> 




d,ljj ^j particle physics oUjxu^JI fL jJh-® 

• A-lJ V I ^ 1 A 1 ixi I | ^ I liJ 

dljj planetary physics 


. 1 (j * If* ^ s\ a ^ 1 X | 1 1 ^ 1 r.. i a 


d^iu. dljj ^j plasma physics LajiUJi fLi^a 

.LojMJI 2JU SjUI 



quantum d-j_ii_ij j <; 11 _n _--i _■ j jj 

^ixj^yi LujIjj ^j :electrodynamics 

Cj 1 .n_i mi; ^LxiuVI J<~ I a~ . ^-llI ^ j "NII 

Li^kill :quantum mechanics 

oL^. >dl J * - ~»I J ^ AjjLdl , ~.l ... -^ II ,_i j.Xj ^ I 

,-.l a '...-.f 


d) 



















jxjLAJI 


j j^xu j fjA j^-jjLu-iLjjJlj j^jjl^iLlIj pLaJxJI jijS'iiiij 

^aJIjUI ^UaUI nojj .^jlSI^JI pJLxJI ^ ^LuuVI ^ ^JLaLjlj *UljI jxjLii o^xuLaJI 

^uixJi j_*a && LajuiV <^uij 311^ ^ metric system ^i ^Uiiii SI ^.nUaii 

jiJLc ^ a a _« \ ~< ... a 11 ^Jl 4 *" ^ * i <L&jLa ^Jj I A'<aj .<Lla^jJI mtua ^jjLijaiJIj 


pl »l , ..'vllj j.ll'l S aJI 


jxiLlLII S 


jkjjjVl 

(m) jiall 

(ULu^il) X, 1 

j>ji 

(kg) ( .l>^l 

(jlioVL) (juLiiJI £-o a M.m 

2JIUI 

(s) 

t 

6-®>^ 

(K),>KJI 

T 


(A) ^>AA-oVl 

I 

^L^IjLUl 















jkUlVl 

(li/r) m/s 2 

a 



0 . e 

< 4 jW 

C/V 1 ! ^-Lc. a.,*vuj jl <(F) jljli 

C 

(OjJl) AjUuJ l^-J 1 

A.s *^>Li!l jl .(C) 

(a-JjVi J.^11 ) E, q, Q 

A \ »ill 

(kg/m 3 ) 3 f /j^ 

P 

olilll 

(m)^u 

h d, s 


V/m aII v JJ 

E 


V.m jLj-oVI ^Js u l 

<p e 

^L^lll Ji Jl 

(V)JJ> 

5 ,e 

(emf) iJL^lJI oil Jl s jUI 

e.J 

eV 


kg.rrF/s 2 jl (J) J^=Jl 

(JuSjaJl) K .(ilolfll) U .(iaJL^Vl) E 

uikii 

J/K 

S 

^jijjji jj^ji 

J/m jl kg m/s 2 J ,(N) <jj 

F 

Sjjl 

(Hz)j 3 jfll 

f,v 

JJ^lll 

(J) J^aJI 

Q 


Wb/m 2 jl (T) iL-ill 

B 

^ Inl \X Jl 

kg m 2 /A s 2 jl (Wb) 

<p m 

^.u^KLiX Jl JiJI 

kg m/s 

P 

(^LiJVI) ^1 

J/C jl (V) 

XjIV 

(^L*2l)u*JI 

W Llj«j/s 

P 

<LcLLaI-uj VI 

N/m 2 jl (Pa) JlfL-UI 

P 

JaJLuJI 

V/A <fJ l 

R 

a^o jLLJI 



















a yA I I ^1 c\ys^S\ j olil ,ti*K3U la-dl 


1 780 ^Jluj ^Jl jJla pLjj j4 1 1 
-v ^ l j ~v 1 ^ ^1 4 j 4 ^ 11 ^JLaJt 1 * A fl ^ ^j-jjJI ^1 a lxJI j j\£ JI ^ ^j-A 

t ^ xj ^ . -v j i j\<" i i jv ja'i i l plil tal^Vl ojJb jjj jJj .wLlaIxJI £^jkJI 

CjLcI^I^VI j^lo Jxu-Luj ^LLII c5 JlajJI -laid) £-H4i .UijL£4lj 1 £>j^ 

l^ til j ^Lll SjjJJl Jj) 4 xJtj ^Lj^iLlI 


•V-JoJI j^' *» 


oLc.1jI^.Vlj olj^laTJI i^a H \ a c*aaLju 


^ ^ 1 t j ■ ^<r> «C aJI 

^IjSaVJ /l. 91 MiVrtl 

4lal 11 


SjUl ^ JiliaJI 

1782 


cj! uill ^ «Xjl1I ^^jLSJI a_La^J l 

1785 

jA*J 

4 \ \j), ss 11 «_^_* 1 ~v ^-aII <La^la_» 

1801 

6^ ,j 

SjLaJJ <LjjjJI A_j^JalJI 

1803 

£r*^ 

i^JI UlkJ! 

1806 


JiJjUl 

1814 

jUL 

L4 ^Jl oiUUUI ^ JJ Jl 

1820 

^jjl£ ^jLu. 

^liJjJI <jliJI Sj^jJ ^2h. j^-a_JI ill 

1824 

fj' 

<Sj^ jj-°b 

1827 

^IjljLs 

d)VLj3kdl <6^JLl! Jajfrin^ 

1838 

J^iJ 

yijbU 0 ,.jkl-'»JI JLa-JI 

1838 


4 q! l«s 11 L«> 0 ~v 

1843-1842 

,>k> J 

>4j J 

1842 

c^ljljLi 

(^.^.ilo^^Jlj ^j^xAJI) ^bljli obj J 

1845 

yiij^A^ /jji < 

Lsiy i jyi±\ 

1847 


0 - - 




































^IjiXVl /lil ui'i^Vl 

^JlujJI 


<_jjl^aJI oLj-oLljjil ^Ldl (jjjLaJI 

1851-1850 

J^ju^Lo < 0*LHJJ 

A_*5^jdl a 1a \ 11 

1859-1857 


j^xuVl jUuaJI 

1861 



1863 


(Jlj2fc-cJJ <-i-oLijjJI A-JjJq. J1 

1864 

Jj^xi^Lo 

pljl X 11 A_j-oLijjJI 

1867 


^_jLu^j^.VI 1 © *1 © aII 

1889-1871 


^l. jLui^U ^IaaILuj ^^jLSJ jj^ a~\ 

1884 

Jhj-A 

4 j*\ il oL^^dl 

1887 

6^ 

^LsJl^U ^j^LS 

1893 

U^JJ J lA^ f Liljj 


1895 


Ujjr^y^ 

1897 

diiL 

^ l A ill ^U dj^Li AjLuxa 

1900 

jjLIuiJljI 

A-ijjl^jJI A^^JI ^jVI <AjuoL^JI <Llxu.i1!! 

1905 

^l *l^u\jl 

^u_>jl ^JLJ^-oL^ a^jI_a 

jitSUlij*. 

Sijdl i _s 1. <ii >*\ 1 

4 Q *t 1 all 4 \ ! Q1 ill 

1911 

jj-* JA4 


1913 

^jJUxuJjl 

<LoLaJ! Lxxcudl 

1916 

^J-^J ^^lxl_jjl ^>Jjl ^>AxJI 

* juAJI pLLxJ>I j_j£.Lj 

1919 

^LodJjJs 

jLojjjJl! j-xxj^ldl 

1922 

<J" ^ “~ 

C5JJ-? C5 J O^J-I 

JjLa 

JLVji.— ^^xlHi jLliJ 

6 jLdl ot-2k ^-o 

jAJ! A ,ia lu-g^ll Ax \ tUll Jjl£Lj 

1923 

oj,h o^Ls jjjj 

^J| l < \_vll. < \jx 

1927-1925 

eij^L£ jX^ji 

^_JaA_ll jl -v 0 * V1 d tjl^t c ! 

1927 


© 





































£\ja±V\ /^iLiiSVl 

4~l,n II 

J J j-> 

SjLJI .\1 jj^iJI 

1928 

JjLa 


1929 


P 

6jLaJI jLa* j j j.5^ L> 

1932 

dLjjLiuj ^juA\y 

oJ>b^-^ <_slial£l 


4 ^ 1UaII SjLaII i ol nrXI 

1933 

^JXUJ jjl J-l5> 


1937 


4 c‘i 1 o 11 a_c j i aII *_q! r„~<l 

1938 

AJLvj .1_A 

iiLLil ^j^ \ 11 3^ a | 

f- 

^La-ujljl^j yLij},j ^La jjjI 

^j)„ v *bj)- ^ jLLiiu-jl c-fiLiul^l 

1939 

p- 

^£Lu^jl 

£_ixu-i! £ j^ J v * > 

1944 

JjL 

Jj^ y ^ 1 i q! n,"< 1 

1947 

•£ 

4 j ^ 1 i j ^ *C11 o L^-o Llj jJ 1 

1948 

ob^ 

v-JLiilSI 

1956 

c J l ^uJ-A .^->.j <(JUJJ_A .J.J <JjI^iA .J.J .[ <JJ 

A_jjLll dL^Ul v_al HaVsl 

1957-1956 


4 0^1 oil 4 viol ill ^ u.ifl \ 

1957 

f J-? *^j v -A>*Lh* •(£ 

LaJ^Ljj L$_4 J-fAjJI infill pLj^J-S L^jJjjJ 

1960-1959 

cj^ “ 

Lj^UI O ^Lc.l.&jJl ^£. SU3 A_j^Ja_» 

1962 

J^j J;Loj J-J ^jJ-J 



djI^JL^iUJI 

1963 

£jA»b 



* 

6x» l.-Aj JL^b •u-J' 

^-u-L^-uaJ 1 Jfr^1 111 4 K.i,^ L cl r,,~<l 

1967 

J^-? 

(cJs3^H^ J <*il 111 * 1 


t-j^-J o'- 0- ’ 

djl jSAS 1 JdJI 

1968 

OJ^ J J ^ 

3 ^J-llflU 4 C v \ 1 Q 11 4 t 1 Q1 \ 11 

1971 


J^laj V 1 ‘ * 4 i i 1 LsLjuj L_J J) \ \ \ 11 

1974 

J^iJ oj^jzt-i 

Jj^liLoJI l ol "1 
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^ljia.Vl /Ol.rr^Vl 

Atm II 


jlj JjJ) A > 1 v-^Llua^l 

1975 


l? 1LJI djljUI cJLi^l 

1977 

Oj-* 

Jj-A j^l 

1980 

ojx oVI 

^LaIjV! A-j^ki 

1981 


* 

C5JJ^^I ^>^1 Jj-A ^1 

1982 

0>j 

lliJUJL.l.j 1 — 6c-iLtal^l 

1985 

gr^ *La1*JI 

^ 1 ~ 11 j ^ ^ \ < i q 1 r,,~<| 

2000 

(l—Li) ILSj^Vl c.L^kiJI IMj 

a_xj j)^ 11 4 *j* 11 ol-^^-oJ 1 4 \ A i-k i ol r,,~<l 

2003 


5jxa.Vl olil .r.^Vt 

^JLc a_L-u^LAJI j ^LolsJI £_jjxuj Jl Jj^.^..illj olil ojI 

^ j u uu.u jj\ 1 I A <u A 1 (j v ^J) i A_WJ 1^ jJ I J_A_fl Q Ix^^ux a ) 1 f^y~\X i J 1—0 4_jl V| .^J) 1 a II 

^ja!I ^_1x j i v 11 ^ jjjL-oj <A-ojLiJI o> I j) \ ixi 11 L<uj ^jJI solar nGutrino 

gravity jL^JI a^.^o <_sLola^ 1^ <oIj tj^iu ^_Lc ^1—o_JI t^jlk^ (Jjl a\ ^^ <L jj^laJI 

photonics \IIj <^JLxJI ^.lc SoiL» ^\ A~> j-i ^.iJI wave 

A 1 1 1 Oj 1 ^ 1 1 1 ^ I W ~ , i o^yu » f \ i ^ \ m i V ^ oLijjillVl J-**-; f^siJ competency 
.photonic integrated circuits ^ ji ^iJI olJJI olj optical computers 




















1 -jaaUla 


pLaIxJI V j_^^U a »'' U11 ^ ia ^ ^ _j 15*' U "> J-^ j-j 

pLdiLxJI $ji>l ix II jjA j y< II ,<LljLjJ^JI A, «uw I a , A aI 4 II ( j^j|^iLll ^Jl IjJna 

ijA j II Lilxfl ^Ljj-iiLlI £j 1 ^ .UuJlx ^^ ^_LII ^ajI^aJI lJI um^I j ^Ljj-xaJI <LjjIj jJ 

.^JLxJI ^\a~i 1)J ^aI> II ^ jAjJI ^a j ,LuU^u^ 





JAJJ 1a\jI 


H 3^“! 

^4 1643 ^Lill 4 Isaac Newton <j3J j 
j &I JaJ ^.i.i^.l 1 JjiKiL 6 j-lj 

fJL*J 1. Lj J ~~v I JJLJ l \ yM ~^W aJsLIiI^I c_9Lu^I J . I^Ajl_J Cj Lxu^^jmJ 1 

1$ jI.ia I jjlj ^_lJ I 11 aJ^LLII a...i-1-joj! .g-L jJ) j a II 

A_J_i jL^Jl A_cl_WS ~ A-* L^J I ^JjlJ 4 l,iAJ Luj V I 

V ^ ) 11 (J-L^. ^ <4j I l ^ l_sJ I 

.J^JUJ^-O J-4-C. (jl^JVl l &llLa»«a jA_t ) V1 £■ Jfri.All 


\jj <.\jjuuj a_^j_* ^ j 287 aJl^, Archimedes 

LljL^ J Lj-j1 J < AL-jj (jujj -A ^jl <jL^ J .A J 1 5 £ J-4 j > A_J_U>1 

4 Q l~s C^ ^*\ 4 y 1 L C \ \ ^ ".I I ^ \ A *\ I I ^LjJI 4 , ^-*n Q I \ 4. ~ ^ I i ^ 

ciLlj ^JU .^JajLX.0 Ij l—o ^<Ai^k ^^k ^k 

j fll~> >k .,1^11 : 4 J^_ 5 _a *_s a _4 

jJLJI Jj 



















^-LjJlXr j) lljJlX 

."<!> J^JI *Lr>JJI J" <LJLL->I Galileo Gali ^1JU 

cj^j .<jj^JI l5“^ o^-°^ j -II cj 1 o-°lj ^ 564 JaLuL 15 ^ 1^^ ^ 

* 

1 .^l—uJl ^jj^-ujJl—> A Ur c < A l£JI A II ^ > <^ > C I I j-A 6jl J 

i ol <,a I sjJIlxj ^ IJ S^js (^411 > ij)^<<■! 1 \II ^IjlLkLj ^JJLc ^_aLco 

•l $ ^ 


^_LJLt ^j-LJLt 


jJJj J (JXLJ^JLJ LA 

pl_ij^_^JIJ ^l_)J_JI CiljJjJ i 4-l^jJ A_LoaILcu_i ^ jjl jZ ^-11 » 

22 ^ 3:^ Jj .Heinrich Rudolf Hertz yi^ ju 

^jLj^jJlII A *\ l v~ l \ * £ j£. Ji j A i\ \ aIVI ^j^_^ol_A A-IjJ^o ^Jl 1 857 -lal )< *i 

. y\ t -V A_^^L J I . ^> \ 1 | l S l 1 l_3LxU^-0 A \ <AJ ^ ^-11 Cl) l I 

JlilSl y*. >■ or^ll SjjjxJI a_)jL^I> J-uA^_j y^^ j -(J^j-^Lo 
oL^jJI l5 -L. a_)jL^3 ojI <a oL^j-^ ^-L. ^L?^_£JI 

.£^Lj jJlj l 5 1L u MJI jl^jVl J^laj A j <uj l r> j-f^JI 


jjj-A Jjj (jIlJjA-iLA 



^LLJjjul ojfJI 

ol_jLlJI a < u ^ Albert Einstein ^ 1 i z*\ J c^JI jJj 

^ lr ^JLxJI iul JJLjj <1 879 jl jf 14 ^ A_pUVI A_)j^!al j-a-oVJ 

^jVI aj jL\1 a^.jJo ^_L. 1921 <Cluj a ^LlLIjI . j VJaVI 

^_AJ <AJLjLj ^IjJdl ^ A.CJ-UJ A J V i^ l ll Jil)j 

E = me 2 Sjj$ ZuaW ajlIjLs-o l ^ \a ^iii.lj ^j lL^l l ^Lj^LII j^JI 

.UllJlj i±£JI ^ilis ^ ^iJI 


i \ ui,ijI OjaJI 

^jXJI ,1818 JjVl 24 ^ James Joule J^ O 1 ^ 

s, j_j ji ^jLiul j_s j J Jc 1^4 j_)L^aj 1889 JjVI 11 ^ 

l o l UI I A_xjIJ juo j-u<ajj .A_)jljjJI CjLj-aLI^jJI JjVI 

1 ^ ^ a M c J SjlJ^ll A t J \U1 AJLwjIjJ-j VI A_sLUI JULIj ^jl j-JI J-^l ^"J lj 

Sjl j^l lj a_o^LL aJI^ jUlJI a_£MjlJI aJ» j_»li y±±j>j . ^^^ ->1 ^a xI Lj 

. J5L) Ajijllll 



O^-UJjJ jUAia, 




















2 -j±a\Joa 


Muo-iJ V 

.LpljjS ^ 1856 Jj-a: 10 ^ Nicola Tesla Mu^ Jj 

^ I I jLLlA_>I A_^L$-ujLj C-SjAJJ <LajI_Jj^$ J 1 \ \ *\ V ^ LujAI^OJ 1 f j"^ a 

cjj-^-ll j^ljl ^ a_jjjJl)I <LjjLaJl c.L> j ^11 

jLj.l 1I dj^a M~±j^ ^>^1 -Ljj .^jiu^JI jj_aJI JjIjIj jt*£. j_ujLlII 



H/ii \ \ 



^V^jl ii»j^ ^ ,1787 ^ Georg Simon Ohm Jj 

A^xjI \a ^ II <Ljjl lr> 1 11 A_C lj~ I ^j£. n. I I ^jl ^_1 jj A ,\1 /JVl 

6J^.j ^JjLjuxljj .<LojLLaJlj jLilJIj A jlnljJJI J^jj A_flM*JI (Jj-jLSLlI I j_A j 

j *\ I n \ A_^^l_iLo J J 1 _X_i * A-j-> La^^^ 11 <L-o^ LiLoJ I ^uLjJLI (R) 

.lj^.lj I j\ \ r> I 1 \j \ J fl I I (j-° lj ^ ~ * j 




JL^uiLj j-j-Li 

UiL/^ ,1623 ^L>j>. 19 C 5 -* Blaise Pascal Jl^L* j^LL Jj 

(_>« J J J-iS^ . Cj Lla ^> l—j^J 1^ £-Ljjj»Lll ^_S C_a-^_-oJ I A_jl jl_^jl_> >^-lxul <l_J_ujj 

lt* Ly* J-^j ‘u*jj ^ l5 -^ JI^uLj 

)l^-aJI A_ujIjJ ^ oL-oL_^_u*J A_J CIjjL^^ < A..J \ .1 1~> ^ II^ A >. * \ i U I I 

A v ix j I aJ I V A_C, 1^ \ Lj J l ^ uj Lj ^ ^ \ ','i, |^ , ^ 1^ Q i 1^ L> 4 , 1 1 ^ ^ a 

^-«jLj 5JVI 6 Oj-f-J-£jl j . ^_U lj. ,A 11 a_2k. 6jJlj 6 J—c L_ui-aJ A V ^ Q J 

^1 Ai^l^Jl a_ixuL=JLj a^j>Pu cL>L£j Pascaline ^L^L 

•Lhij^JI u>JI o-° ^ 



JL^xuLi ^j_L 


©_ 























JU a J > 

Luji 4 -o ^1736 ^Lill 19 ^ James Watt Llj Jj 

3-^ I j aJ V> q-a a 1 —uj jJa j ,L»j. J±l£^ul 1 c.j\\. Si J 1 J ^ t tl *C \ s\ 

CjI v_i tJLt la I ^ ^ ‘^J) ‘-.'. A_i£, L_u«*aJ I 6^^UI ^Jl ^ j 1 A. i \ I d^4^-a-U 

separate condensing chamber l\.^*\* , <i jL 13 ^ d^^JI 

< <Ll I jJa_uj VI ^3 jLa^JI SjLtujk^ A_5LlaJI IjJLfi —t \^ 11 

ill oL^j-^-dJ <aK 11 A_Jl_ji_aj S^Laillj SjjJallj ^IjjJI jjl=> 



Jolj j LiA ^ y 


^IjljLi JSLjLa 

* * o' 

L^l_^_'<[ Michael Faraday ^Ijljli J^U 
l _ s JJ^ ^ <_3 L^L^laj ^IjIjLs >_ij_c.j .^.1791 Jj±jI 22 

JL»^JI ^.j ) ^ < ■ «! ^JUMJ VI O'! ! o l—i-j l l<ft JJ ^ *\ 11^ Cj 1 J ^ 11 

JLa^JI L5 _1_C a 1 ^ c .j A_I_ujIjJ— i ^L-jJ --i 3 I I ^ 0 u j j U j-f-^JI 

a_j l_sl I '*** ^“• _\q ^ .\jZj L-o 1^ 1 v \ d ^*v \ 3^ ^ \^^ 1 1 ^ ,i> \ U> 1 \* 1 

^^jxiLujVI electolysis a_1j ^ ^ II ^_i_»l 1K ^ j ^ ^ ^ ^ 

t- 

^^-11 ^Lj^UI )is> 1 & 3 *-^* j^J 1 (^1 bj j 4^ 1 i dj^-all Li^jl3^-J 




^IjljLi JSLjLa 


?3*3^ JjL^* 

Charles Augustin de Coulomb j i ^ ^c j jji r„ ji < 

k—jJ^aJI v_S^-C. .1736 14 / l i a 1 t * 1 \ o 

.Coulomb s law ^3j) J a 1 a ^,a ^ ^ ~n. i^ <a_ij ^ n \ v \1 1 ^ 

£-a Ij^Ja ^ ^ , iJ 3H L^J-^I (J^ LT^ 

^L^ J I £_o l J / i^\-v r,.ll 4 0 


^J jULuxfcjl d^ldj 


9 ^ Lorenzo Romano Avogadro jjjU.^1 >>Lojj Jj 

aJiLoL^uLa j)^jl_c.^!sl j4 ^\j .Li < aa l_4_i j 3 ^^$ <1776 

C^J^I ‘ AjInj-aJI A_jjla_JI A.a^ aII 

A_ijl < *i *i^l l ^La^wVl > Lg-j 4> lax <Aj Sjl^^. A_^.jJ c_Sj^la 

. Cj 1—I A a IJI _\r 1 oljbxJI 3 -0 


























^Jjj I C 4 A I | 



[*j\ 3 


jlj K/.K J l .1 

.SjLaJI^ JcLkill <LujIjJ 

ojj^^ ^ tAU }' a_1i£JIj uJJ-^ *2 

. A_j_j Ailill 1 _Ij 

3 6—* j> i > 3 ^ “*! ^ -3 

^..1 % 1 ^LujVI J^Iuj ^JLlI o Mill 

.4^11^1 

.ijj \j\aW j-±£- ls*’ >,u ^^ ^j .4 
F = IT 10 . L-^ Sjill a % \a^> ^ Ua j .5 

(JLLjj- 2 ^ Cj^ l5^ ■ 6 

^SiXA ^V L-O ^<Ai^k A_Ug»l^2k. ^_a AJLLxJl 71 

A_4 6^ L^l ^ 

,A_l^.jLk 6^-S 

A V \ J <^>a ->k j ^jl—ig^.i—11 A_JI —^ .8 

— ^ —tAj_i_ll ^ U> X J .9 

J > ■ N ~^"< *k *4 * 1 A *4 4 4 /A 4 4 VI A_Cj_UiJI 

— Ail —hj A.I1 U U A. a 4 A A., .A l i~> V1 A_Cj_toJ! 

A 4^1 4 Vl A_CjggJ I 



26 LbJI 

(J Af j\ ^ If Aj \ Q 11 4 _jL AjLkJI 4 _SjJLJ .1 

A <a l U> A Kj ^ *4 aII A cl Us ll^p A \ a! ^11 4_fll In II ^j-C. ~i 1 > .^- 

A 4^\ 4 4 I ^S V A 



/ A ^ i I AjUk . 1 « "v A ol Us A xall Ail Ini I .3 

. ... 1 1 4 1 1 ^ aJsLIs A A-o liJI AJiLlaJI^ 

»a k * a ^ 1 5 j j^JLo 0>^ cjl aJLUJJ .4 

.(j) A_5^-^JI .5 

.Lj j jilLj 11 A^-fl ^xaj .6 

A 4 ^ 1 ,^"\ a A ^ . Jl* 1 c 1 U> JjLgJl a 1—aJl^ ^1 1 1 1 ./ 

.A_j^-i-° "193 a^.^ j 

j^U>II ^_s I AioLU1 AiLkJI 1 c^l *3 

^ lc VI A_^.jJ A J 1 -A 1 \ 11 AiLkll j-SJa OJyj .9 

.(j-VflA. VI Sjlj^JI A_^.jJ 

jl aJLLJI jli, ifJUl ^ a^U AiLkJI a^S.10 

J^Iu ^_j-o A cl U> 11 Jjj"* k \ ^-ixJI ^-11 L_A^_j-oi5 





















jLtUI 

^ ' ft J J } < 0 V l_J J L_Ljj I ^ 1 l_i 4 4 ^ r, . \ I ^yj 1 Q*t t "| 

<-k]^j&JL> ^LSj 

4-LJ I ol—0^1 _AaJI ^_S J l 11 ^yA 4-J^Ltulo 4 1 A*\ 0 \*4*4 .2 

L>^ A_ijLtaILo <<LLu_Lu J£iu ^ If 

^5-^- oLojLLJI Ju-<aj_j 6jlj 4 -ojULo ^Jl [ 6 jLj j .3 

• ^ 1 / j « \ • j * 

4 J * ^ o-° J-^ c£jL-uaj .4 

1.6 X 10‘ 19 

o y ^ ^ 1 ^ “ '• c^jjJI 4i r > 5\ 1 1 j ^ jLjjLkl .\.\ ^ .5 



.j^ljJl 

^-JLlI A_A_jLJI J ^ 11 ^yj O L-O^-O-C ^ X J () ^ ^ 1 " \ I *- *4 4 .6 

.jJ^aj 4.J J) < I d>l—S llxJI 6^1 jV £• Ld I 6^-S ^aHu±j 


ls* ( a r*'-L>4^ j-* 4 -LauJI ^ <^11! I .7 

v_iMiJI 



J "~> * 4-l->l_^_fl ^ (j*ij 1 A tVl d.ft mj oLj-xiu ^ 1 U *4 .8 

. l_A hi-) Ij ^ . \ i 1 ^ | 1 ^ .1 . Q 4 <j£. ^LilLI JJji 500 1 

<^* ^ (JLLajL^J jl ^LLiaIcu ^La\^ i'jj ji\~> .9 

cj^- 1 ^ ^' 1 uj-^ A^VI ,s.w ' 1 . ; , . ,1 s^r\x \ 


■ ^yJLS J l iJ^"\ A 

^-Lul jjL^a-o J^.1 ^J^ «v 11 oi l 10 


•• c- <* 

<4 <a 1 \^ k „A . 1 1 I^JI ^ ^ ^^ f*i«11 | ^ 1 9 r*« \a i > ^ 

J^Jaj JJ^I ^IjJVl 61 a 

^-C. U &y \A 1 1 O JUA ^ 11 ^y&ju^ £ J) • 1 1 \^v ^ 4 .2 

6j-aUiII 4, 1^ tj u l^j 4^^1uj ^2)-° cuilli ^ 4 ^ <d)ll^j^UI 





'r^ A ^ ^ ^ oL^j-^JJ iSJJ-i iS^ o-=^» .3 

JI^Jol L 4 J ,‘CjL^J) ^ *\ 4_^j_^k * 1^11 S j4 4 K 1 1 ^LxaJxVl 

^LljI jx is\W 4iJL uL^.j-o 

(jj_^J|) £|j_a_»VL^ L^ t^ \j \ \ a_^ j_JI d j_Llu jj^_i .4 

. ^_j l laAjbwi V I 9 ^J 4. | all I ^ 

J^° J^u^o (^-^C jLjJ ^>AjLi .5 

• ^J-=^ ^-icl j j.^o l 

4 j $ 6 Jj-^j-dl CjI—-^. j_dl Uj ^ < I I l a 4 U I I _~* j j .6 

. > 1_5 IkJ ac 1 i I ■ < * 1 1 4 

3.0 x 108 ^ ^l>JI ^ *uuuxUj 4 &\ .7 

.Q/^ 

.L^LaLU ^ 6 jLj Jl[ 4^j-^JI jjjj ^ SjLjJI .8 

.A^j-dl J^Ja d-a Lfl^jj 

. (^ 5 -!^ I ^ o I ^ q I a I j ‘ ^ a I o 1 ^ ^11 .9 

< > J 4_i_)V^_Ia A 4__i_j J) .^1 1 oL^^ aJI.I 0 

-U-t-A ‘->^—^-J-^ L5“^ 4 —J . 1 J ) <^>l l O 1-l 1_A 4 ^4 4 

• 4, \ / 1 i j ^ ^ 
















































^LbJI 

. j jjsJLo c cl U> j \,^a a_i j^-JI A-iUdJi .1 

^J| A j._^ A_ll A_SL5 J-U Jjj-flj jj jl (J ji .2 

. Cv &l ^aJI S 1 7^\ 

1 (j \ < 1 j , a a ^ 1; f. ^_a a_jjj— i—!l a i l .3 

*>. V . i . i_o I 4 1_JmJ I kJli 1 ^J ) J 1 (j 1 J ^ 

J4^ 

^^jJI j j£ iS ^$j ^ jJI jjaJI .5 

.ji^>\xII I j-A 

^ \ .jv * ^ j LoJ. l-C jJI JJ-*—II j-j j-^ .6 

jLaAjujl^. 


a I* \ \U oLcl itiul LoLcj U-j-jj LkJI A_xiuI jaj .7 

.binding energy .kjl<ilk J^Lj Uh>L^I 6-° J 5 ' 6Jh ' i cs^ 1 ^ mass defect ^L^iUl .8 

. 4 ->j jjl A 1 1 "i a H ' ^L. J.i 4 i j a I m ^jfL; (jl i-°i l _fcl Q -aILi ^ ^Iml l i_sl_loJI ^Llj| .9 

















































. A a j m i ss A j I 11 LoI ( A_-o_iIJ A_ijll* A t q t a^v 1 1 /^s 1 1_ “I 

" * ** * t. * + 

• ^^I LaiL^xjI ^JaxlLa l.^ i Tu j Lo^ LjI^aJI « U.,.1 Lol LujL^JLjI A. \il>11 »c U«^ VI ^iaJLJ.2 

Jl JaILujI Cj j jl A_JLxJI A a j Q 1 1 cJ J oLuJ^lJI ^1 (a_a,.\^.^) A_jjLaILo <Luj JaJ ^j^_JI J jU 11 ^^S-aj.3 

.^a^.Vl AJ)« A ILa JjjjVl 


<LuLT^i£lJI O-i' 


S j_^ jJI 

4-jjjjUI ^a 4 ^ II 



m/s 2 

9.806 

9 n 

^^J| 1 ^^LaJLaII ^^LujaJI 

Pa 

1.0132X 10 5 

Po 

^jLlX^JI lajLOJI 

Kg 

1.6066 x 10’ 27 

u 

A ij1 A LifLl 1 a. \^v ^ 

Mol - 1 

6.0220 x 10 23 

Na 

CajLj 

J/T, Am 2 

9.2741 x 10 ' 24 

Mb 

JJ-? 

J/K 

1.3807 x 10 - 23 

k 

(jl—L j 

C 

1.6022 x 10- 19 

-e 

AaOj 

Kg 

9.1095 x 10 - 31 

rric 

a±£JI 

C/kg 

1.7588 x 10 11 

e/me 

A 1 X 11 ^j| A \ -v f *«1 11 A \... \ 

C/mol 

9.6485 x 10 4 

F 

^Ijl^Lfl Cj-jLj 

F/m 

8.8542 x 10 ' 12 

Ee 

^L^JI ojLiJI 

Q 

376.7 

Zo 

aoUI ii jLjlaII 

H/m 

4 ps 10 - 7 

Mo 

1 cluLUI 

m/s 

2.9979 x 10 8 

c 

A \, ,t \ ^ ^ ^ 11 i" i L^^lI 1 A C' ^ .. 4 

Nm2/kg 2 

6.6732 x 10 ' 11 

G 

a j j jL^JI ciuLj 

J/(mol.K) 

8.3144 

R 

J CjA^\ 

M 3 /mol 

2.2414 x 10 - 2 

V m 

3 UII 

Kg 

1.6748 x 10 - 27 

Mn 


Js 

6.6262 x 10' 34 

h 

cdj^Lj c-uLj 

Js 

1.0564 x 10 34 

h/2nt 

^gjyjLLXi J 1 JJJtJI 

c 

1.6022 x 10' 19 

+e 


Kg 

1.6726 x 10 - 27 

m p 

1 a h< 

Wm 2 

3.74388 x 10 - 2 

Cl 

^LxxoVl Cj-jl 

mK 

1.4388 x 10 - 2 

C 2 

nr 1 

1.0968 x 10 7 

Rh 

^^ajJjIj CajLj 

J/(m 2 k 4 ) 

5.6703 x 10- 8 

ot, 

Laj \ uu 

mK 

2.8978 x 10' 3 

Kw 

(jf-fl ciuUi 


H 


















































































































oLajj*j 


3* Jl d ~=3 53 LLJI a_JLc oLcLxiLl :cosmic rays aju*Vi 

.5 j* <-*>a 4 v * j ~q 1 ^_Lc sj)a1I 3- 0 LjjLlu-o Ij 3 1 \ < a d^ J j LujLaILj l^h aJI^. .collision jU-^Vi 

J_rjl oLLjJ^ aJLLJI J jl—LJ J[ ^I j l n^s VI 




4<v £\^.l Ljl* jlII J5Lilllj ^i*JVI 3 jL*-o] JjVI , 3-0 a_aKJ! 6 j-a *—aJLn> .alnico ^j-JVi 

4 /3 1 ._\ 11 4 \ ^ C 11 i~>l ... \ U> 1 \ 4 aII 3-0 4 ^ \ * >it 11 6 _LA JlX-l^ . ^^-LJ1 t J t I I l—kl—1^1^ ^_yu l -lo J 1 ' A31 

^ lr uo,,. 1 1 a \\c J <^jutu-o j J 3 ^. ^c_Lu-j ^_Lc 4_laj^$ iu I a >_> ol— a! ^ > *^1 <■ a h ^ o ( Jj j\x \ > .diffusion jLii-uVi J jULLiVi 

.(3133 a_ul) ^133 jcJa-uj 

4 o i ui i 3«o 4_^3^£JI 4 o i ui i r- 1*i\ V i J A_i_Lk 3-° a3JLiL» 3^«*11 a_LoL5 a_jjL!q_3 ^-a^$ -storaQG batt@ry 3 U^^ a-sjLI&j 

4 3~ A. *>1 I 4 \ \ \ \ a ^ 11 

-4 ajoa 1( 4 a^,a ^ jikjLuiis d-^l ^_lc ^Uo-fll aJ>Mjj J-SLj a_3u 3-° 3JLij jaJI a_L_u- 6» sljl .transistor j^3ujJ J-I^ 

4 ^a \aII o 1^ I jJ I ot_5l_5^ bo 1—3l_c^ 

^jlj-^JI jj^aUI 3& j-^j .J-ojJL ^ a 3c jl ^13 j J ^x£ a_5LUJJ ^L-Ls .entropy J*Ji 

.S LAj-ojj - a qIUaI I 6jlJ_^JI Jj L5 _k. A o<xj^ 6jj^.*y a\\ jl I Sjlj^JI a U i ^x \ aI I A_jjIj-=^J-oL1j jJI Cj \ ^ 1 o xJI 

i j i j ^...i ju- i,a» : 1 Q.js±> L^3 l 5 Jl 3 iJU ^a :equilibrium 3ji>iJi 
i jLo ^ JjLuJI J v< r,.*\ ^ 1^ ljjL5j L^>-a JjiLuJI l ^^ icJ^ j^.[ .surface tension ^ *\hm H ^j^ilii 
J 5l ^Jl u ^la" i j ~ U...I I ^^ilj * a_ 3 jl ^Uixill ^-lc j-oJl oLL» 3^^ ukbalj ^^U^l l 3^>^l .aJ^AIo 

. 4 4 -~v I mi a 

4 (n) M3o .1-4-3 c5 -iLll a_»_»Lu^JI ol jLxll jl c3L04-0 ^>-3 ^ V a_i»Lj a_^3j 3^3 :constant cmLUI 

f - j . A I I 4 r J ,..< ,j l A. 1 ^| 4 \ jU \ A-IjLUI A_j-o^JI ^-A 1—3L_v3j .l_A^la-fl < 6^-il jJI Jco_i^-o 

& t )Ua j >f 1 >.,. >UI \ i a s _> _\ -v \ \ ^1 > 3I 4 kK a \ (A^-oj^I A j % j \ In A jm^y l rs l iXx> ^3 .ITiaQnetite C) J **3 < o JI 3 \ ^ 3 a JI 

4 1 ^, a \ 11 1 3 ^ ^ pi j a^i i j) 4 1*3 ^11 a_j 3 liVI Lo^jujV ( a \ <xj^jr>^4^ i A_xi*jVI £-0 d^ bb3 .photosensitive ^ j) < A 11 i < n ^ 

3 4 > 1 h*\ \ (g jJI ^ jj-fi ^l_ii3LujL» ^a_ 3 j_l-^jj 4£ A ^3 ^^-A .photovoltaic Cell <Lj_»^ 3JI JaJ^JI A t 13JI 

^... \ U j (j ^ ^Lxiul ^1 13 3 v <L4 ^Lu3-oJI ^-A-C jl^-oJI 

.^ai^ J U: jliL ur 3 5313 Jl 5313JI d^^3 ^L^JI J>5 5J| :dynamo ^QjjJI 




























I a_>jLaJI ^u^I I <j»jLLo 6 L^iI Lo JLUjI jjuj :velocity y) i^ALLiVi itj^uJi 

,s 1 ^ ^ 4 ^ * ' * * 11 * ^ * 

..k^l <L=. ^ o>^l 4-> Jill; 4JI Ia ^cJl ^j :speed of sound cj^ji itj— 

W** J*4i 44U ^j <^ljiJI ^ *yu±l\ I4J jiii; 4JI i_c^j| :speed of light 1 

.U/ f 2.988 xIO 8 

*>* J! ^1 -I^L^I ^*“•>1 1 v iJLJI 6 j_A ,2_ul>jVl iij jLaJI Jia. SjaUI _ h J. 4_S^aJI jA ;free fall Jjsjl U jS... I I 

. 4 j^jVj 4_i_a jL^JI ^ I AJLiUI 

.1^ ^j£- A_xj^aJI oI^jaJI ^Lis-iLj ^5 jJI oj-^aJI jl j£Lj ieChO 

JjLu ,o> ^j.m^II <jI UIlc e-ii^z; jl 444; ey^b Sjl^ 24 jj ja j :absolute zero jiixJi ^iuaJi 

•0^444 -459.69^44 -273.16 L> J <jil£ (0) 

44>' (Ji '-^oU.^ j^^si (> L y—4= w> fSJl £_L»-i)U J_oL^Ji ^.xJl ja j :electromagnetic spectrum ..._.u ja <n . i,un 

■4£lu^UI oU^JI 

H '-* ^ jl < JjSLu, <JL=- ^ *14 a_u-=>L^ (j-4j <j^dl ^jU* 41 L ja 3 :inertia i nu« n 


.4_jJ&L^1jI A_iz^jlik 6 jJLl jJlI_j 

4A>* J! ^>^1 (SA** '- »■»*> ■ .> <*j-as j>i^» 4 jl js>^l jl «-La1 I jl jL^-dl Lr l £ - J-^ ,s j*j j J^'l olj aJT :turbine iilxJi 


^ * 

^ I A j*\ i > l A_ 5 LU 

^ Laj^ ju j^Lo JSLiu parabola ^iLUl n 

c> 1 SjP^JI a_j^ 4.1855 <^jLu3j AiLUl ^Ui :calorie S^iuJi ^j>)LUi 

. a j 1 a J I 111 J^JLj ^j^JUJI ^jx. ^Vl i-jj-Lo a^.j j jIjJLoj ^ ^ \ 11 ^LJI 

.Jax^a3 jl jiuZ jl ^jl jj*4 ^j ^=>^1 ^ LfJiij ^1 s jjaJI 6jIaII Sj ji :elasticity aJ»jjaJ! 

• 1—0 6 J 1—0 A j ,^sl ^ ouLi: ij cuts :coefficient j^buJi 

. u —4 =IilJI jiail ij^kliiJi Sjiji i^jLLo :reluctance 31 -m H 
.-Uj-JIj jLi.VI ^ l^kiv jLu ,i_;j>iJlj c.I jIa« JI > 4 l~;^ol 54^ ^j^Lj j^l4 :toxic wastes ^LuJi cjULirn 

.SjiljJI 4 _J^ jj*£ j 1 4cs jJI jlii«,VI j-i^o jl ikLJI :fulcrum jl£jjVi ilaij 
.ii=J^ <J ^uJj <j^Jl ‘J 4 MJ 1 (^« Cijl 4 j (jj L^ ^jl :neutrino ^1;4 _jjUI 

•iiil^u olj^ ^1 ^jL> Jaj i—ijLuJI 0I4-JI Jj>=hJ 44.J4UI Sljl :adapter ^l^ji 

4I "ijrtllj I I jLillj JJj^JI ’^ijjl J-°j <4 j > "^ c ' j lj-° J-* ^j >'n^^i j.J 4j ibiofuel *. 11 


















141 ,23 

78 ft , ^ ^Jl ‘ * l ^ * 11 

41 ^1 Jl <^=JI 

66 ol.jSkJI 

41 1 I 

,123 ,119-118 ,95 ,93-92 ^kj^JI 

25-24 ^I^JI 

151-150 

103 _s>JI 

,123 ,119-118^^^11^^01 

35 ik^l kJ^Jl L.MjJI 

151 

84 

,84 ,79-78 ,72 ,68 ,48-47 jj 3OI 

63 3iJI 

153,110,104,91 ,89-88 

62 

53 ,38 ,23-22 ^jUUI £jk-JI 

68 aJLLJI jij 

45 ,22 ^I^JI 1 jL-JI 

36 ^>^Jl 3j-* jja Jl 

23 fklidl £_jLalll 

122 ,117 ^....lUUiJI JiJI 

82 ^AXukaJLlI J-JJ) H 

67-66 3L*il.^1 

112 <83 ^ 

117^1 

97>lkOI 

137 

81 "*i -"l * 

81 S^kJI S^U^JI 

27 ^Jl jja’ill 

19 (_ykiJI 

27 ^^kiJI j^JI 

64 oULJI 

10 ^ ^ u...1133 01 

64 ^g-jl_i■■■', VI Uidl 

68 ,47 d:M> 

66 J2UI jJo-JI 

108 ^UJIjL^. 

84 & jU.ji 


110 i*-JI 

120^1^11^1. 

57-56 jaJI k^iuJI 

87-86 ft JhJI S^JI 

139 ^ilkdl ^kJI Ljl^ 

145,41 ik,3Jlft£^JI 


129JUHJI J 
IPft 2 X1...MII -,V1 —-;VI 
31 Jl 
30 JoLUl 3'3^' 
30 J-oL^JI 3'3^> 

43 ^^Jl dLSl^l 
148 ,136 ,67 ,65-64 ,60 

112 3., ^-41 ftJljl 
,82 ,72 ,68 ,25-24 ,15 ,7 t UkVI 
139,131 ,86 
72 dj^JI <*i.Vl 
72 ft j ^ ... a ,, II 3 ^ AjlxoVI 
72 LoLt ft-*jd 
110 ^LUiVI 
,93-92 ,73 ,69 ,39 ,8 olk^VI 
99 ,97-96 

144 ,142 ,139 ,97-96 

11 jliuVI 
75 j\-\M 
133^ljU^VI 
73 ,68 ,49,48,15 Jl^i^l 
27 


,106 ,97 ,65 ,36 ,34,31 jL^JI 


151-150 


158 
















35 a_i^LJ! aj \a 11 

80 A_iJ j^JI A_«-uJjlJI 

107-106 <37 

123-122 .117-116 . l— s 11 

80 £jJL_Lcl]I A_uj 1 

77 <75-74 LiLJI ^LaiJI 

123-122 <117-116 JLJJI .Uoll 

132 dllill *L*k 

137 <74 tAll j^LjluJI 

136 j) q i 1 

65-64 diLklxJI 

76 j...*C \ «ll ^1 t r..ll 

151 <138 <94 

33—32 ,12^*, .Ull j\ j ll 

137,73 <29 JlkJI >^JI 

64 o-LSJI 

33 Jll „.ll .,LII jl ; 11 

90 <_^LJI oUij^JI 

59 <44 a*> jUiJI i±&JI 

33 Ja^A < A^ll ^ * < <U 11 jLiJI 

70 Jkllaui 

59 <44 aJLL*JI a±£ 

149 ,133 <44 JuilL ^JJU 

82 j^JJI ^jUI 

95 <93 4 \”1 *i...ll c.1 1 ^ 11 

7 2 I 4_3Ljuj V 1 (JIj l_J 

82 <73-72 *^1 

131 oUcLLJI 

109 4c. Li i q 

152 ,144,17-15 AilLJI 

127 <_4JI 

6 aJlj \ ^ 11 <=■ 1 * Q 11 

15 a j ~ * ■ ^ 11 a_s LkJ l 

102 ^jl^JI ^IjJJI 

7 oLjJaII ^Lj^j_s 

17-15 ilolUl <iUJ' 

63 <51 <a., 

6 g.1 j j j all 

15 aJ 

114 f Vl a^UI 

119 ■ W H 6 J-C Li 

i 5 a »1 1 <-, n aju. 

67-64 <_jyjl 

151 ,139,13jjjU^I^IJ 

16 a j,«^U<1 ,< <41 4 SI Ull 

82 f jji-' 

13 

17 ,15 A^l^JI aJUJI 

61 JLIckL 

136 ^L*JI a_i_j j 1 11 ^^jLS 

130 AjjjUI AjjlkJI 

53 ldj_0 

137 <28 oLl-oLlj jJI Li 

114 <- i " ^ ^ 1 4 S < U 11 

118 <95-94 <73-72 ^L^JI JL^JI 

25 JjL^j ^jj^Li 

64 ^yu ^ A ~A j 1 J < \ U 

65-64 a^I^JI 

138 <95 ^^a^Lc ^^jLi 

72 <68 a^.^_a]I U 

67—65 « 

99 <j^jLS 

153,135 ,85-84 <82 ,73-72, «,MI 

155 ,83 ,81 -79 ,75 sf 

135 La L_j& 

70 JJaJI 

> 

1 1 A t ^ 

34 <14 >J ti 11 

70 j,JkJI 

CD 

O 

n* 

> 

L 

36 a_wsj VI A_jjl^aJI 5j ii 11 

106 ,67-65 ,41 ,35 a Util 

110 i* '^^ii 

34 Lux^iJI s ja i]| 

155 ,87 ,81 -79 a_u,.a»JI 

















25 ,12-11 ^LJ^ 1 *J=^> 

110-109 JaJ4-» 

65—64 <L»jlj^JI pi ^ <A^vll 

32 cj j j d^JI 

9 5jj) \ a \ L^> jl^-o 

64 ,~>i A. , ds 1 Us 4 , A A11 

49 ^iiljSJIjl^JI 

9 K *t ^ j \c A \ 1jl^-o 

127 a^l^JI oUJUJI 

119 4 9 \ " »J) \ 1 

1 10 <72 A_ijj)<^ll 

21 A \ ^\ ^ \ VI 4^c^xuJI (JdX-o 

114 cjUjL^JI 

47 ^kJI oU^11 

119-118 ^L^JI ^LLJLoll 

93 *lcj 

32 ^liuJI 

25 ^JU 1 

32 Jjij-ll 

133 i^LuJI K,MC,„tl 

25 duL$_»^_s 


25-24 ,8 a_j_L5LUI 

25 l ju\ 


146-145 ,100 UiUJI i_Jil_JI 

65-64 oL: 


145,13<^JIi^JI 

81 jjUl\^ 



160 
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